
Magnus 

Gulbrandsen, 

TIK Centre for 

Technology, 

Innovation and 

Culture 

MICROFOUNDATIONS, 

RESOURCES AND 

CAPABILITIES 
 

 

LECTURE TIK9022 

ECONOMICS OF 

INNOVATION –  

MAY 25TH 2016 



 Lecture 1: What does it mean to have an evolutionary 

perspective? Examples from Nelson & Winter (1982) and 

Arthur (2009) with emphasis on how innovation is perceived  

 Lecture 2: What are the wider implications of an evolutionary 

perspective? Reflections, discussion and examples from your 

own work 

 

 If time: discussions about how an evolutionary perspective 

may be relevant to the theoretical framework and empirical 

approach of your PhD theses 

TODAY’S TOPIC: THE EVOLUTIONARY 

PERSPECTIVE 



 0930-1030: first lecture (might take a bit longer…)  

 

 1045-1130: second lecture 

 

 1130-1300: discussion and lunch break 

 

SCHEDULE 



 Nelson & Winter (1982) is an important foundation of modern 
evolutionary and systemic innovation theory, which is not just 
an economic theory 

 based on organisation theory and decision theory  

 a lot more cited in organisation/management studies than in 
economics 

 highlights “institutional frameworks” as important for understanding 
innovation and economic growth 

 

 Arthur (2009) based on how technology evolves primarily in a 
non-economic sense (or how economic structures derive from 
technology rather than the other way around)  

 

 Evolutionary reasoning also central in institutional theory and 
other parts of the social sciences –  may represent an 
alternative to orthodox perspectives not just in economics  

A NON-ECONOMIC PERSPECTIVE ON THE 

ECONOMICS OF INNOVATION 



Lecture 1 

BASICS OF AN 

EVOLUTIONARY 

PERSPECTIVE 



 

 More than 31000 citations in Scholar Google  

 Hugely influential –  not least in organisation/management 

studies in a wide sense 

 The result of many years of work between the authors  

NELSON & WINTER (1982) 



 

 Dissatisfaction with “orthodox” economic theory  

 Assumptions about rationality, profit maximisation and optimisation, 

equilibrium 

 Policy implications and understandings of economic development  

 Aim of the book: create an alternative “evolutionary” theory based on 

Schumpeter and understandings of how decision-making “really 

happens” in firms 

 

 “…modeling at an industry- or an economy-wide level ought to be 

guided and constrained by a plausible theory of firm capabilities and 

behavior that is consistent with microcosmic evidence” (p. 52) 

 

STARTING POINT 



 

 Clearly inspired by Darwin’s theory of natural selection in 

order to develop a theory of long -term and progressive 

(economic and structural) change 

 Focus on the population level (industries) rather than single 

firms 

 Development of concepts that are parallel to genes, 

mutations and so on in natural history (e.g. economic 

selection instead of natural selection)  

 

EVOLUTION AND DARWIN 



 

 Organisations are better at self -maintenance and operation in 

a stable environment rather than radical change  

 Organisations are better at “changing in the direction of ‘more 

of the same’ than they are at any other kind of change” (p. 

10) 

 Dynamic processes may be seen as and understood by looking 

at conditions in the past in what are stochastic, not 

deterministic, trajectories  

 

ASSUMPTIONS 



 Orthodox models 

 Key concepts: maximising behaviour in firms, equilibrium (supply -

demand but also other forms requiring sophisticated mathematical 

tools), largely ignoring technical advance (or seeing it simply as a 

deterministic outcome of R&D investments etc.)  

 Do you agree with the depiction of orthodox models? 

 Evolutionary models 

 Key concepts: organisational routines (derived from individual -level 

skills), search processes, selection environment 

 Different types of routines e.g. based on the time perspective in the 

decision-making process (operating versus investment versus 

strategic routines) 

 Outcomes are at least “partly stochastic” and there is a need to 

describe economic phenomena as they are observed rather than to 

test theoretically derived models against data sets 

 

ORTHODOX AND EVOLUTIONARY MODELS 



 

 Skills are the analogue of organisational routines and thus 

useful for understanding organisations (as aggregation and 

not least as metaphor)  

 Definition: the capability for a smooth sequence of 

coordinated behaviour that is ordinarily effective relative to 

its objectives (cf. Chapter 4)  

 Examples of skills: swimming, biking, driving a car, writing a 

good PhD thesis, other examples? 

INDIVIDUAL-LEVEL SKILLS 



 Three main characteristics:  

 They are programmatic ( involving a sequence of steps)  

 The underlying knowledge is largely tacit:  individuals rarely aware 
of details of performance and may find it impossible to ar ticulate 
the details of performance; skil l  improvement may require 
external instruction (cf.  Polanyi 1962)  

 Skills involve making a number of “choices”  but often 
“automatically” (without “deliberation”)  

 

 Other aspects:  

 How are skills named? Operational-semantic relationship 

 Ambiguity of scope, operational ambiguity, semantic ambiguity  

 

 In firms: managers and other decision -makers are individuals 
exercising complex skills  

MORE ON SKILLS 



 The “genes” of an organisation  

 Characteristics of routines:  

 Organisations remember by doing, its routines are its collective 
memory 

 In standard operation, this memory is used in a “circular flow” 
(Schumpterian concept) of information primed by external stimuli 
and various sorts of deadlines 

 Routines may represent a truce between heterogeneous interests to 
determine incentives and sanctions (e.g. for breaking the routine)  

 Routines may be a target for explicit processes of control, replication 
and imitation 

 Examples: a new input is available but needs to fit to existing 
routines or a key organisational member is lost (control 
through selection, modification, adaption); something 
successful is happening in one business unit of a company or 
(need for replication); a competitor is doing something that 
influences market success/profitability  

ORGANISATIONAL ROUTINES 



 Aggregation: organisational capabilities are directly affected 
by individuals exercising skills  

 Metaphor: routines are for organisations what skills are for 
individuals 

 

 It may be even harder for organisations to improvise than it is 
for individuals 

 Learning is changing skills or acquiring new skills, innovation  
is the same at the routine level  

 Through search activities firms seek to evaluate modify, 
renew or replace current routines  

 Efforts at changing routines may be even more uncertain and 
unpredictable than learning/changing skills  

PARALLELS BETWEEN ROUTINES AND 

SKILLS 



 Very incremental innovation: puzzles and anomalies emerge in 

standard operation that are sought changed through 

modifications of routines (can in some cases result in more 

radical forms of innovation)  

 Regular innovation: when searching for solutions to larger 

problems, routines may be seen as components which can be 

combined to form new routines (“Reliable routines of well -

understood scope provide the best components for new 

combinations”, p. 131)  

 Radical search through strategy/heuristics (the latter can be 

defined as methods for reducing the search for a solution)  

 Traditional management heuristics: task forces, formal 

strategy documents, SWOT analyses, structural analyses  

 

INNOVATION AS CHANGE IN ROUTINES 



 

 Short break or move on to Arthur?  

QUESTIONS AND COMMENTS TO N&W? 



 An evolutionary perspective similar to N&W 
(based on Schumpeter and other sources, critical 
towards neoclassical economics) but dealing 
specifically with technology 

 Great reviews (“doing for technology what Kuhn 
did for science”) and highly recommended for any 
PhD student studying technology and 
technological change 

 Aim is to specifically develop a theory for how 
Technology develops and closely built upon 
evolutionary principles (lots of references to 
Darwin) 

 Claims there is a lack of understanding of how 
technology in general develops –  “We feel vaguely 
that because we have created technology, we 
already understand it”  

ARTHUR (2009) 



 “ ‘Innovation’ is yet another of those awkward words in 

technology. Popularly it is invoked wherever some 

improvement is put into practice or some new idea is tried, no 

matter how trivial. And it was used by Schumpeter 

(confusingly, to my taste) to denote the process by which an 

invention is co-opted into commercial use. I will use the word 

in its popular sense of novelty in technology. But that novelty, 

as we will see, comes in several forms: new solutions within 

given technologies, novel technologies themselves, new bodies 

of technology, and new elements added to the collective of 

technology. Rather than explore ‘innovation’ directly –  the 

idea is too dif fuse, too nebulous, for that to be useful –  I will 

explore each of these types of novelty” (from Chapter 5)  

ARTHUR ON INNOVATION 



 Two perspectives on evolution:  

 Narrow sense: development of a particular technology  

 Wide sense: the process by which all objects of some class are 

related by ties of common descent from the collection of earlier 

objects 

 This book is about the wide sense –  “If we could understand 

evolution, we could understand that most mysterious of 

processes: innovation” 

 “For a full theory of evolution … we would need an argument 

that all technologies, not just some, are descended from 

earlier technologies, and an explicit mechanism by which this 

happens” 

 Challenge from a Darwinian perspective: the appearance of 

radically novel technologies  

EVOLUTION OF TECHNOLOGY 



 Three definitions of “technology” (all three used in the book):  

 A means to fulfil a human purpose/a technology supplies a 

functionality 

 An assemblage of practices and components 

 The entire collection of devices and engineering practices available 

to a culture 

 Three basic principles:  

 Every technology is a combination of other technologies (often both 

“hardware” and “software”)  

 These building blocks are in themselves technologies (recursiveness) 

 Every technology seeks to exploit some kind of natural phenomenon 

THE BASICS OF TECHNOLOGY 



 From the previous slide, it is clear that technologies consist of 

parts joined in a structure organised around a concept or 

principle ,  which needs to be expressed in physical 

components to enter physical reality 

 Modules and connections form the architecture of a 

technology, and over time modules become standardised  

 The parts must be balanced and in practice dif ficult trade-offs 

need to be made (power, strength, speed, weight, size, 

performance, data structure and many other variables)  

 Modularity is important to understand the economy of a 

technology 

 “Modularity … is to technological economy what the division of 

labor is to a manufacturing one; it increases as given 

technologies are used more, and therefore as the economy 

expands” 

TECHNOLOGY AS COMBINATIONS OF 

DIFFERENT MODULES 



 Recursion is a complex term from mathematics and computer 

science, encompassing functions that refer to themselves  

 Technologies are built from a hierarchy of technologies that 

are frequently similar to themselves  

 Example in the book: the F -35C military airplane 

 Some implications:  

 Recursion and combination mean that technologies are highly 

reconfigurable, fluid and somewhat unpredictable  

 There is no specific “scale” or “level of analysis” of technology (the 

plane, the jet engine, the engine parts, the wider attack system the 

plane is part of etc.) 

 Change at one level of technology must often be accommodated by 

changes at another level 

 

TECHNOLOGY AS RECURSIVE 



 “A technology is always based on some phenomenon or truism 

of nature that can be exploited and used for a purpose”  

 “Phenomena are the indispensable source from which all 

technologies arise. All technologies, no matter how simple or 

sophisticated, are dressed-up versions of the use of some 

effect –  or more usually, of several effects”  

 Technologies are not just collections of parts, they are 

assemblies that orchestrate various phenomena 

 Example: a normal radio orchestrates induction, electron attraction 

and repulsion, electron emission, voltage drop across resistance, 

frequency resonance and more 

 Technologies need not be based on physical phenomena, but this is 

the conventional way of defining them (legal systems, symphonies 

etc. may also be seen as technologies)  

TECHNOLOGY AS EXPLOITING NATURE 



 Arthur argues that phenomena are the “genes” of technology, 

l ike routines were seen by N&W as the genes of organisations  

 They are captured through accidents, experimentation, 

science, invention etc., and often exploited with little 

deliberation or conscious thought about the phenomena 

themselves 

 “Technologists use science because that is the only way we 

understand how phenomena at the deeper layers work”  

 Phenomena can be grouped into dif ferent “families” 

(chemical, electrical, optical, digital etc.) that constitute 

technological domains  

 These domains form a language within which particular 

devices and methods are put together as an expression of that 

language 

 

PHENOMENA AND TECHNOLOGY 



 Combination of existing technologies (thus, many 

technologies come into being as fresh combination of what 

already exists; Schumpeterian view again)  

 Constant capturing and harnessing of natural phenomena  

 Improvements within one domain (better steam engine, 

improved process for producing fertilisers)  

 Many of the most significant innovations are related to 

“redomaining”, e.g. making something electrical that used to 

be mechanical, or making something digital that used to be 

electrical; “A change in domain is the main way in which 

technology progresses”  

 Domain combinations are normally expensive  

 Historical domains define style and possibilities (“the nuclear 

age”, “the digital age”, “the railroad age” etc.)  

DIFFERENT VIEWS ON TECHNOLOGICAL 

DEVELOPMENT/INNOVATION 



 Standard engineering is to carry out a new project oriented at 

methods and devices under principles that are known and 

tested 

 Engineers rarely invent a new bridge or rarely build an exact replica 

of an existing one, they build a bridge tailored to a specific context  

 Almost all engineering projects are of this kind, although some of 

them can be huge and complicated, starting with a concept of a new 

variety 

 Example: the Boeing 747 

 Standard engineering is a social and untidy activity which 

depends upon the larger network of interests surrounding it 

(l ike the institutional frameworks in N&W) 

INCREMENTAL INNOVATION AND 

STANDARD ENGINEERING 



 

 Long discussion in the book about a variant of “bounded 

rationality” and the cumulative impact of small improvements 

(cf. Rosenberg) 

 “Standard engineering contributes heavily to innovation ” 

 Standard engineering provides building blocks that can be 

selected (in a Darwinian process) for other technologies 

 This does not mean that the “best” technological solution is 

preferred, this is a stochastic process with random events and 

positive feedback processes 

MORE ON STANDARD ENGINEERING 



 Invention is a non-Darwinian process which may be based on 

an accumulation of knowledge, skills etc. in a specific place 

in time (which does not mean it is deterministic)  

 Standard engineering contains a Darwinian mechanism of 

generation of variety, search and selection, invention is 

dif ferent from that  

 Invention arises from a process which is human and often 

extremely lengthy, of linking a need with a principle  

 Inventions and redomainings often have huge economic 

effects (example: coming of the railroad in 1850s America)  

 The view that technologies are “adopted” seems somewhat 

l imited –  societies “encounter” new technologies in a process 

giving birth to new technologies, industries and radical 

restructurings 

INVENTION 



 There is a lot in Arthur on “structural 

deepening”, complexity etc. I will not go into 

detail here but mention a few main points:  

 Commercial technologies become “pushed” – 

pressed to deliver more 

 Technologies always operate close to some kind of 

limit – and they will add subsystems to deliver 

better performance, react to new circumstances, 

adapt to new tasks and enhance safety and 

reliability 

 The recursive development of technology resembles 

that of evolution of an organism – they become 

“structurally deeper” or more complex with time, 

and they become locked-in 

 Process similar to Kuhn’s theory of scientific 

development 

 

COMPLEXITY 



 A new technology enters the “active collection” of available 

technologies and becomes a “new node” in a technological 

hierarchy or network 

 It becomes available to replace existing technologies or their 

components 

 It creates needs or “opportunity niches” for supporting 

technologies and organisational arrangements  

 Older technologies may find their ancillary needs dropped  

 The novel technology becomes available as a component in 

future technologies 

 The economy (the pattern of consumed goods and services) 

readjusts to these steps; costs, prices and incentives change 

(not “creative destruction” but “domino - l ike avalanches of 

destruction”)  

SIX STEPS IN TECHNOLOGICAL 

EVOLUTION 



 Four distinct mechanisms 

 Novel solutions in standard engineering 

 Radically novel technologies coming through invention  

 Structural deepening of new technologies 

 Bodies of technology building out over time and transforming 

industries that encounter them 

 A combination of solutions and needs  

 The needs of technology 

 The problems of technology 

 The needs of humans 

 “Demand” is an ill-suited word in many of these processes 

 

 Break time! 

INNOVATION IN ARTHUR – A SHORT 

SUMMARY 



Lecture 2 

SOURCES AND 

IMPLICATIONS OF THE 

EVOLUTIONARY 

PERSPECTIVE 



 

 Both N&W and Arthur argue against orthodox views (economic 

and technological ones)  

 They both argue for an evolutionary and biology -inspired view 

–  Arthur takes this the furthest by arguing that technologies 

are becoming like organisms (autopoesis ,  “technology creates 

itself from itself”)  

 They both highlight the importance of institutional 

frameworks, social factors etc.  

 They both have implications for methodology (how to study 

innovation) and policy 

 

VERY SHORT SUMMARY SO FAR 



Biological evolution Nelson & Winter Arthur 

Genes Routines Phenomena 

Species Industries Domains 

Mutation 
Search/encounter 

anomalies or problems 

Search/standard 

engineering 

Natural selection 
Market/institutional 

framework 

Technological and 

market selection 

Retention 
Organisational learning/ 

institutionalisation 

Standardisation of 

technological modules 

SIMPLE COMPARISON 



 The perspectives we have covered today seem to have a lot in 

common –  and they seem to some extent to be a common 

reaction against huge theoretical models built upon 

assumptions (rationality, functionality) that seem poorly 

suited to explain real phenomena 

 Schumpeter is clearly behind the evolutionary economics of 

innovation perspectives; which has already been covered by 

Jan in Monday’s lectures  

 But there are more commonalities, and I will highlight three 

important “standing on the shoulders of giants” researchers 

behind the contemporary economics of innovation tradition  

 (Others could be mentioned, e.g. Berger & Luckmann, Hughes, 

Rosenberg, Polanyi)  

INTELLECTUAL FOUNDATIONS 



 One of the most influential social scientists ever, won the Turing 
Award (1975) and Nobel Prize in Economics (1978)  

 Cross-disciplinary with central contributions across a range of 
disciplines including economics, cognitive psychology, sociology, 
political science and computer science  

 Referenced throughout N&W, Arthur and many of the central neo -
institutional works 

 Key work: Administrative Behavior (1947) 

 Two very important concepts:  

 Bounded rationality (as a critique of rational choice theory)  

 Satisficing (as a critique of optimisation)  

 

 “Relat ively simple decision rules and procedures are used to guide action; 
because of the bounded rational ity problem, these rules and procedures 
cannot be too complicated and cannot be characterized as ‘optimal’  in the 
sense that they ref lect the results of global calculat ion taking into account 
information and decision costs;  however,  they may be quite satisfactory for 
the purposes of the f irm given the problems the f irm faces ” (N&W p. 35) 

 

HERBERT SIMON 



 Worked with Simon and many others, the most respected 

thinker in organisation and management ever according to 

surveys among scientists in the field (“the gurus’ guru”)  

 Expanded Simon’s work to organisational decision -making, 

questioning neo-classical economic assumptions and 

introducing a clearer political perspective (e.g. seeing firms’ 

objectives as temporary resolution of conflicts, cf. N&W)  

 Key book 1: March & Simon Organizations  (1958) 

 Key book 2: Cyert & March A behavioral theory of the firm  

(1963)  

 Also very influential in other decision -making models 

(garbage can), organisational learning perspectives, the 

exploration/exploitation dichotomy and more  

JAMES MARCH 



 The Structure of Scientific Revolutions  (first edition 1962) one 

of the most influential social science/humanities books in the 

last century 

 Clearly an inspiration also for scholars seeking to understand 

economic and technological change (clearly Dosi, Arthur and 

many others) 

 Main argument is that science progresses in three phases:  

 Prescience (no established overarching theory)  

 Normal science (scientists work within an overarching theory, filling 

gaps and validating claims) 

 Paradigm shift (increasing number and severity of anomalies lead to 

a shift in the overarching theory)  

 Huge debates about relativism and wide application of the 

term “paradigm”  

THOMAS KUHN 



 Rational versus natural  

 Functional versus accidental/side effect  

 Top-down versus bottom-up 

 “Nurture” versus “nature”?  

 

 These are big debates in most social science disciplines; how 

far should theoretical and conceptual simplification go?  

 It may be noted that these debates are also found in the hard 

sciences such as natural history (“why do men have nipples”)  

IS THERE AN UNDERLYING DICHOTOMY IN 

THE PERSPECTIVES DISCUSSED TODAY? 



 Do you agree with the following statements?  

 There is no particular method called for within an evolutionary 

perspective 

 An evolutionary understanding, with its emphasis on naturally 

occurring decision-making processes, institutional contexts, 

heterogeneity of economic activity and so on, fundamentally 

calls for a qualitative  understanding of phenomena (although 

quantitative data may also be useful)  

 Many dif ferent types of data may be used, but an evolutionary 

understanding requires longitudinal/historical data  

 Because organisational routines, like skills, are to some 

degree tacit, observation methods may be needed to capture 

essential aspects of innovation processes  

 

HOW DO WE STUDY INNOVATION FROM 

AN EVOLUTIONARY PERSPECTIVE? 



 Simulation methods used a lot both in N&W and in Arthur, 

opportunities for interesting work here or hybrid methods?  

 Arthur suggests to look at how industrial and economic 

structures are based on technologies rather than assuming 

that technologies are primarily a result of these structures  

 Many innovation scholars have started including a large 

number of institutional factors in their analyses of dif ferences 

between sectors, countries and so on (cf. Jan and Fulvio)  

 When the scientific foundation is empirical work and mapping 

“how things really are”, taxonomies become extremely 

important 

 

SOME OTHER SUGGESTIONS FROM THE 

LITERATURE OF TODAY 



 N&W routines may help explain processes of inertia, 

isomorphism, lack of change etc. (important topics in 

institutional and organisational theory)  

 

 In management, movement from routines (and other 

perspectives like the resource-based view of the firm) to 

“routines” as something to be dealt with by management:  

 Core competences (Hamel & Prahalad 1990) 

 “BA” and the knowledge -creating company (Nonaka & Takeuchi 1995) 

 Dynamic capabilities (Teece et al. 1997) 

 Microfoundations of dynamic capabilities (Teece 2007) 

 

 Interesting development or conceptual confusion?  

IMPLICATIONS OF THE ROUTINE 

PERSPECTIVE 



 The microfoundations movement (cf. Felin et al. 2015) seeks 

to “unpack collective concepts to understand how individual -

level factors impact organizations”  

 To move “one level deeper” to find explanations for phenomena and 

their variance 

 To anchor higher-level concepts in the behaviour of individuals 

 To avoid explanatory black boxes 

 Explicit recognition of contextual factors 

 Can be seen to represent long-standing debates in the social 

sciences about appropriate level of analysis and the 

appropriate methods for scientific work  

 Big current trend but many issues without “ microfoundations” 

type of studies: vertical integration, diversification patterns 

etc. 

MOVE TOWARDS “MICRO”?  



 Metcalfe (1994) discusses implications for technology policy 

of an evolutionary perspective  

 Central building blocks:  

 Innovation activities within firms are strongly related to a wider 

institutional context where learning, knowledge production etc. take 

place 

 No clear-cut distinction between different policy areas 

 Policies related to the creation of new variety are essential (and 

many policies only oriented at supporting existing activities in firms) 

(R&D tax credits could be an example, Fulvio will talk about this on 

Friday) 

 Selection happens (mostly) through competition which eliminates 

variety 

 Variety creation, selection and retention can be mixed  

 

POLICY IMPLICATIONS 



 You have heard that there are many limits to rationality, 

things become locked-in and path-dependent, small initial and 

almost random events may have huge effects over time, and 

trajectories can rarely be predicted even when initial 

conditions are well known 

 

 Is this a good message to policymakers and managers?  

 Do you think that an evolutionary perspective is pessimistic?  

 

 Policy: from making decisions based on market failure to 

shaping and reshaping framework conditions that are useful 

for the generation of variety and adaption to changed 

circumstances? 

 Management: from rational decision -making to sense-making? 

PRACTICAL IMPLICATIONS MORE 

GENERALLY 



 

 

 The usefulness of an evolutionary perspective for your own 

thesis work 

 

 This can also be the topic of the scientific essay/paper that 

you should write to pass the course: use the course literature 

to discuss an aspect from your thesis  

 

 

FINAL DISCUSSION 



 A dominating perspective within the economics of innovation 
is the evolutionary perspective  

 I  have tried to highlight key aspects of an evolutionary 
perspective through looking at two key works and 
demonstrate how they are similar to and dif fer from evolution 
in nature 

 I  have tried to put these works and the evolutionary 
perspective into a wider context within the social sciences –  
as part of a wider movement (“against the orthodoxy”) and as 
part of similar developments within the traditional disciplines  

 An underlying argument is that an economics of innovation 
perspective may require you to go into depth into the 
characteristics of organisations, networks and technologies  

 I  have tried (briefly) to discuss some possible implications 
and the usefulness and complexities of an evolutionary 
perspective 

 

ATTEMPT AT A VERY BRIEF SUMMARY 



 For listening 

 

 For taking this course 

 

 Feedback is welcome: magnus.gulbrandsen@tik.uio.no 

 

THANK YOU 

mailto:magnus.gulbrandsen@tik.uio.no

