
Forms of Knowledge and Modes of 

Innovation

Edward Lorenz

University of Côte d’Azur and

University of Aalborg



The STI and DUI Modes of Learning 

and Innovation
 The STI/DUI distinction was first developed in a 2007 

Research Policy article that Bengt-Aake Lundvall and I 

published with other colleagues at Aalborg University. I’ll 

spend some of my time today to consider how the 

distinction has been operationalized in subsequent 

research in the field of innovation studies. But I want to 

preface this by going back to what we refer to in the 

paper as a tension at different levels - enterprise, 

regional and national - in research on innovation and 

innovation systems. We also suggested that there is a 

strong STI bias in policy analysis and policy frameworks 

designed to promote innovation.



A preliminary definition

 At its simplest STI refers to  innovation based 

on R&D and the use of codified scientific and 

technical knowledge.

 DUI refers to innovation based on processes 

of learning through doing, using and 

interacting. You will probably notice the 

affinity with the idea of innovation depending 

on interactive learning in Lundvall’s work on 

NIS.



The tension between the STI and DUI 

modes
 At the level of the enterprise this tension can clearly be 

seen in the effort to reconcile knowledge management 

tools based on the use of codified and centralised 

knowledge, with those designed to mobilize and use 

tacit knowledge (e.g. communities of practice, 

organisational routines).

 As we move into a new era of digitization, cyber-

physical systems and AI there may be an even greater 

tendency to think that codified forms of knowledge can 

be used to good effect to the exclusion of tacit and 

experience-based knowledge. Think of the literature 

on the employment effects of robots and AI.



Regional and National levels

 The tension here can be seen in the effort to 

reconcile approaches to innovation systems 

focusing on the importance of R&D expenditures, 

and expenditures on the  formal training of 

engineers and scientists with third level degrees, 

with those emphasizing the importance of interactive 

leaning and the exchange of tacit knowledge more 

apparent in work on NIS

 The DUI emphasis is probably more apparent in 

work on RIS than on NIS, given the strong 

Marshallian tradition of focusing of knowledge 

externalities or non-pecuniary externalities.



Is there an STI bias in innovation 

research
 There have of course been many and very influential 

scholars that have given an important place to tacit 

knowledge and experience based learning in their 

research on innovation at different levels

 At the level of the firm, Penrose’s analysis of the 

difference between resources and services in the 

analysis of growth through diversification.

 Nelson and Winter and their analysis of tacit and 

contextualised knowledge in organisational routines.

 At the level of nations in addition to Lundvall there is C. 

Freeman work on the basis for incremental innovation in 

the Japanese innovation system.



Penrose on the knowledge-based limits to growth 

through diversification

 “Extensive planning requires cooperation of many individuals who 

have confidence in each other, and this, in general, requires 

knowledge of each other. Individuals with experience within a given 

group cannot be hired from outside the group, and it takes time for 

them to achieve the requisite experience.”

 “It follows, therefore, that if a firm deliberately or inadvertently 

expands its organisation more rapidly than the individuals in the 

expanding organisation can obtain the experience with each other 

and with the firm that is necessary for the effective operation of the 

group, the efficiency of the firm will suffer, …in extreme cases this 

may lead to such disorganisation that the firm will be unable to 

compete…and a period of stagnation may follow.”



Chris Freeman on the basis for incremental 

innovation

 “As empirical evidence and analysis began to accumulate 

about industrial R&D and about innovation, both in Japan and 

in the United States and Europe, it became increasingly 

evident that the success of innovations, their rate of diffusion 

and the associated productivity gains depended on a wide 

variety of other influences as well as formal R&D. In 

particular, incremental innovations came from production 

engineers, from technicians and from the shop floor. They 

were strongly related to different forms of work organisation.

 Formal R&D was usually decisive in its contribution to radical 

innovations but it was no longer possible to ignore the many 

other contributions to, and influences upon the process of 

technical change at the level of firms and industries” 



Evidence from Google Scholar



Is there a STI bias in policy frameworks?

 When we wrote the paper in 2007 the evidence 

appeared irrefutable. The EU’s innovation strategy 

focused heavily on R&D and science to the exclusion of 

the organisational dimension. Is this still true?

 On the face of it, there would appear to be some 

progress. Developing indicators of workplace innovation 

is on the Commission’s agenda and there is now a 

webpage devoted to it and to the activities of the EUWIN 

(European Workplace Innovation Network). 

(networkhttps://ec.europa.eu/growth/industry/innovation/

policy/workplace_fr)



The DUI dimension in EU Policy Framework

 However, on the Commission’s Innovation policy 

platform page, of the ten listed relevant policy indicators 

6 pertain to various categories of R&D and the others to 

ICT investments, expenditure on tertiary education, 

employment in S&T occupations and internet users.

 A look at the 2018 version of the Innovation Scoreboard 

leads to the same conclusion. No real progress.

 One of the constraints here is the lack of suitable indicators 

of the DUI dimension since policy making, especially at the 

EU level, relies on harmonised measures for benchmarking 

and for evaluating progress towards meeting targets and 

goals.

 I’ll come back to the question of survey measurement later.



Elaborating on the distinction between STI and DUI 

modes
 We defined the STI mode in terms of the use of codified 

scientific and technical knowledge.

 One point that we make is that scientific and technical 

knowledge are not the same thing even if both may be 

codified. As Nelson points out, “much of practice in many 

fields although codified, consists of design practice involving 

solutions to problems that professional engineers have 

learned ‘work’ without any particularly sophisticated 

understanding of why”. In short “know-why” with out a real 

scientific foundation.

 This provides one hint at the interconnections between DUI 

and STI. The origins of much science-like technical 

knowledge is practice and experience only some of which 

occurs in the R&D labs of large firms



The interconnections between STI and DUI

 A related point is that scientists working at the 

frontiers of their fields in the R&D departments of 

large firms will often be working with knowledge 

that is only partially codified. They will draw on a 

combination of their know-why and experience-

based know-how in making experiments and 

interpreting results. Science’s contribution may be 

more indirect by providing powerful tools like 

computer simulation for testing and experimenting 

new departures.



DUI’s role in embedding codified technical 

knowledge

 One of the most important point we wanted to make about the 

interconnections between the modes is that enterprises rely 

on process of interactive learning and experience in 

embedding technical knowledge and capabilities in an 

organisational design capable of coordinating complex 

processes for producing and commercializing new products or 

technologies. What’s called firm competence of capability

 The point is that an innovation is not defined simply in terms 

of a new piece of technical or design knowledge but in terms 

of the ability to coordinate the successful production and 

commercialisation of a new product or technology. And much 

of this knowledge will be firm-specific and highly 

contextualised and tacit as many scholars have observed



Is the DUI mode necessarily informal?

 As work on organisational routines has made clear, the 

routines and practices which assure coordination within 

groups or even across services can emerge 

spontaneously as people adapt and search for solutions 

to the problems they face in daily work.

 However, we observe that organisational practices can 

be designed in ways that support learning through doing, 

using and interacting and that organisational structure 

and forms of work organisation matter. If they didn’t 

there would be little scope for policy to improve 

organisational performance and much less to talk about 

and write about. 



 Should DUI be equated with incremental innovation and 

STI with radical innovation? Incremental innovators are 

likely to rely heavily, though not exclusively, on DUI, and 

radical innovators will need to draw on formal scientific 

and technical knowledge at the frontier of their fields

 Still, from what I’ve said, in general both modes will be 

present to some degree in all innovating organisations. 

The point we want to make in the article is that firms 

adopting a strong version of the STI mode with a strong 

version of the DUI mode will tend to excel in product 

innovation.

Incremental vs radical innovation



The choice of  indicators

 The work organisational and managerial practice variables 

we used in our paper were inspired by the literature on high 

performance work places as well as the research on 

organisational design (Lam and Mintzberg). For interactive 

learning we use an indicator of close relations of 

cooperation with customers. We recognised that it would 

have been preferable to have to had an indicator of the 

type of cooperation and the extent to which it I based on 

formal and codified elements of knowledge exchange. But 

we didn’t have the distinction in our data set. The practice 

of seeing cooperation with customers as DUI in style and 

cooperation with universities as STI in style has become 

the norm in the literature



Choice of indicators







Our main conclusion

 Our principal conclusion was about the value of mixed 

strategies combining a strong version of the  DUI mode 

with a strong version of the STI mode. We recognized 

that mixing the modes may not always be easy and that 

it is a major task of knowledge management to find ways 

of integrating them.

 Another major conclusion was about the need for better 

data at the enterprise level as a basis for constructing 

DUI indicators including aggregate indicators that could 

be used in benchmarking exercises. This remains true 

today even if there has been some progress. I‘ll come 

back to this at the end of the presentation



Extensions of the research (1)

 One kind of extension of the research has been to go more 

deeply into the characteristics of the DUI mode and in 

particular to investigate its importance for small enterprises. 

This fits into a larger literature focusing, on the one hand, on 

non-R&D innovators and, on the other hand, on trying to 

better understand what is distinctive about innovation in small 

or even micro firms

 A recent RP paper by Jörg Thomä on the use DUI mode by 

small firms in Germany, many without formal R&D 

expenditures, illustrates one kind of extension. There has 

been work with a similar focus on small enterprises by Davide 

Parrilli on the Basque region.



Use of factor and cluster analysis to identify mixed 

modes

Source: J. Thomä, Research Policy 2017.



Principal conclusions

 Firstly, that mixed modes tend to perform better in terms 

of product and process innovation even for this 

population small firms, many operating in sectors with 

low R&D intensity.

 Secondly, the author finds that firms with a very weak 

use of the STI mode and a lack to technical 

competences tend to focus on organisational and 

marketing innovations to maintain competitive advantage 

(ie. Non-technical innovation)

 Draw a similar policy conclusion on the need for public 

support measures to foster STI mode learning in SMEs 

in Germany.



Extensions of the research (2)

 Another way in which the research on STI/DUI has been 

extended is using it to better understanding the features 

of regional or local innovation systems 

 Interestingly a number of the more widely cited 

publications developing the STI/DUI distinction have 

focused on Norway and more precisely on Norwegian 

regions or localities.

 Why Norway? Fitjar and Rodrigues-Pose (2013) quote 

an article by Jan Fagerberg with respect to what the 

OECD refers to as the ’Norwegian paradox’. Low R&D 

intensity with relatively high productivity.



The Norwegian paradox. 

 Reflects to some extent the R&D bias in policy 

assessments. R&D intensity is strongly determined by 

industrial structure and Norway is relatively specialised 

in natural resource based industries which compared to 

high-tech spend less on R&D. 

 2010 Figures on GERD as a % GDP. Sweden 3.2; 

Finland 3.7; Denmark 2.9; Norway 1.6

 2017 Global innovation index: Norway ranked 19th, well 

below Sweden 2nd , Finland, 8th,  and Denmark 6th

 Norwegian industries rely more on incremental than 

radical innovation. Firms in many sectors are strong in 

the DUI mode



Fitjar and Rodrigues-Pose (2013)

 Fitjar and Rodrigues-Pose, two Norwegian researchers, 

in an ambitious paper set out not only to asses the 

importance of the DUI and STI mode for a sample of 

Norwegian forms but they extend the analysis in two 

ways: one they distinguish between what they call 

incremental and radical innovation, and two they explore 

cooperation within regions and as well as outside with 

firms outside the region. 

 Their main focus is on interactive learning between firms 

and in common with our paper cooperation with 

customers is used a s a proxy for DUI while cooperation 

with universities and research institutes is used as a 

proxy for STI





Why the big emphasis on DUI in regional/local 

innovation systems

 Strong tradition is economic geography of exploring the 

importance Marshallian non-pecuniary externalities or 

knowledge externalities which are seen as mainly to do 

with the transfer of tacit knowledge and dependent on 

face-to-face contacts and interpersonal interaction.

 The underlying point is the geographical proximity 

associated notably with clustering favours interaction 

between firms and the exchange of tacit knowledge 

which in turn can leading to interactive learning and 

innovation.

 Proximity, then, supports DUI and incremental innovation



Is proximity a necessary and sufficient 

conditions for learning.

 The answer to the first condition is clearly no since firms and 

persons can interact at a distance an benefit in terms of 

learning if there is sufficient cognitive proximity. That is, they 

share the same language or codes as a basis for knowledge 

exchange. 

 This in turn leads to the view that for proximity to promote 

interactive learning there must be some degree of cognitive 

proximity for interpreting and absorbing external knowledge. 

Of course being part of a local community with common 

education and socialisation may contribute to establishing the 

necessary cognitive proximity.

 See Boschma (2005) for a review.



Can there be too much proximity

 This relates to the literature on related variety and the 

idea that and learning and innovation depend on have a 

variety of knowledge. If we al have exactly the same 

knowledge, then interaction will not foster learning. 

rather it will tend to reinforce existing beliefs and possibly 

lead to ‘lock-in’. 

 At the level of individuals an firms this can be related to 

work on ‘framing’ and how established mental models or 

what Boulding referred to as ‘image’ can lead to inertia.,  

 At the level of regions this related to the idea that a lack 

of openness to outsiders can transform innovative 

clusters into ‘blind-spots’ with a low capacity for learning 

and adaptation.



Main conclusions in Fitjar and Rodrigues-

Pose

 One major conclusion in their work is that DUI mode 

learning is important for incremental innovation but only 

to the extent that it occurs within the supply chain. It is 

not beneficial if it is with competitor. The reason for this 

remain to be investigated.

 The second and perhaps more interesting conclusion I 

that collaboration with extra regional partner I more 

conducive to innovation that cooperation with regional 

partners a especially in the case of DUI mode 

cooperation. This support the view of possibly too much 

proximity leading to lock-in



Limitations of the study

 The distinction between incremental and radical is 

basically unmeasurable with CIS type indicators. In 

the case of new to the market innovations the 

market may be local or national. 

 They are critical of using cluster analysis but not 

doing prevents them from exploring mixed strategies 

as well identifying cases where firms adopt mainly 

one mode or another.



The  Africalics project on learning and 

innovation in micro and small enterprises 

 The project explores how micro and small firms (< 50 

employees) in four African countries learn and acquire the 

knowledge & competences needed to improve their 

innovation capabilities.

 A unique design with surveys carried out both with 

employers/owners and with their employees covering 

 A focus on how skills are developed both through on-going work 

experience and formal training and though

 Types of equipment and technology used

 Explore the role of linkages with customers, suppliers and 

external support institutions



E. Kraemer-Mbula, E. Lorenz, L.Takala-Greenish, O. 

Jegede, T. Garba, M. Mutambala, and T. Esemu,

“Are African micro- and small enterprises 

misunderstood? Unpacking the relationship 

between work organisation, capability 

development and innovation”

International Journal of Technological Learning, 

Innovation and Development, Vol. 11, 2019.



Countries and Sectors studied



A Taxonomy of learning Mechanisms 







Challenges for the future development of the 

STI/DUI line of research

 More on how the modes may be integrated and 

used.  

 More on policy implications and how to promote a 

better mix

 Do we have good measures of organisational 

dimension of the innovation process

 What are the available data sources at the 

national, EU and international levels

 What would be the best survey design to adequately 

capture the organisational dimension?


