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MODELLING KNOWLEDGE EXCHANGE ON NETWORKS  

The general focus of workpackage 2 is structure and dynamics of complex ran-

dom graphs and associated processes. Within this theme teams of Luxembourg 

and Maastricht universities have developed and analyzed an economic model of 
knowledge exchange on networks.  

Firms operating in environments of growing 

technological complexity and rapid technical 

change increasingly discover that in-house 

R&D is not sufficient for sustaining their 

competitive positions. At the same time high 

transaction costs related to fundamental 

properties of knowledge prevent efficient 

functioning of arm-length market mecha-
nisms, thus firms have to find other, more 

efficient ways for acquiring external sources 

of knowledge.  

Recent decades have seen rise of the “net-

worked organization” where knowledge ex-

change is channelled through face-to-face 

interactions which take advantage of both 

market and non-market transactions. This 

new form of organization poses a challenge 

for an economic modeller interested in proc-

esses of knowledge transmission as it is dif-

ferent from the two relatively well-

understood mechanisms of markets and hier-

archy. 

Diffusion of knowledge on networks can be 

modelled as an epidemic process: ideas 

travel from one agent to another with certain 

probability if there is a direct connection be-

tween the agents. While such a formalization 

permits the application of models and tools 

from recent advances in network analysis 

and allows, for instance, inference about the 

relationship between economic efficiency and 

network structure, this approach has certain 

limitations: in contrast with transmitting a 

contagious disease, passing knowledge is a 

conscious act. 

This newsletter presents and briefly summa-

rizes main results of an economic model of 

knowledge exchange on a network developed 

within the NEMO project. 

 

PAPER PREVIEW 

Two modes of knowledge transmission have 

been observed empirically. Allen (1983) de-

scribes a “collective invention” process 

wherein knowledge is given away as a (local) 
gift. He illustrated collective invention with a 

case study of the steel industry in Cleveland 

UK in the mid nineteenth century, where 

producers met regularly under the auspices 

of societies like the Cleveland Institute of 

Engineers, the South Wales Institution of 

Engineers or the national Iron and Steel  
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Institute and disclosed their own recent tech-

nological developments. A more recent exam-

ple of collective innovation is development of 

open software. 

Another mode of knowledge transmission has 

been documented by von Hippel (1987) in a 
study of minimill steel producers in the US. He 

found that engineers from competing firms 

(with sanction from their management) ex-

change technical information and explicitly 

help each other solve problems. In this case 

however, knowledge is shared on quid pro 

quo basis, and although exchange is arranged 

in an informal way, an agent receiving advice 

is expected to reciprocate or risk being ex-

cluded from knowledge exchange in future. 

The model of knowledge exchange presented 

below takes into account interplay between 

network architecture and knowledge trans-

mission mechanisms. We are interested in 

relationship between network and population 

structure and economic performance at levels 

of individual firms and the whole industry. 

MODEL 

We model a world in which there is a fixed, 

finite population of agents, and a fixed, finite 

number of ideas relevant to production. An 

agent is characterised by two properties: the 

set of ideas he has, and his production goal. 

Production is controlled by a Leontieff produc-

tion function for which only a small number of 

ideas is necessary, different agents having 

different production functions. Production is 

done in isolation, but demands that an agent 

possesses all the ideas that are relevant to his 

productive activity, i.e. the ideas for which his 

production function has non zero coefficients. 

If one or more ideas are missing, they can be 

acquired via an agent’s acquaintances. Thus 

the set of ideas held by any agent evolves 

over time, and we assume this takes place 

through a simple process of one-to-one ex-

change or gift. 

An agent may be a trader or a giver. The lat-

ter shares his ideas with neighbours without 
asking anything in return, while the former 

exchanges knowledge on a quid pro quo ba-

sis. We run a numeric experiment to analyze 

knowledge diffusion in different settings: a 

world of knowledge traders, a world of knowl-

edge givers, and a mixed situation in which 

both co-exist. 

We study how properties of the network in 

which transactions are embedded influence 

individual and aggregate efficiency. Modifica-

tion of the Watts-Strogatz rewiring algorithm 

allows us to generate networks with tunable 

degree distribution (number of stars) and de-

gree of randomness (therefore clustering).  

RESULTS 

This section highlights some of the results 

from the numeric experiment. 

◊ Composition of the population has 
clear and unambiguous effects on ag-

gregate performance: a higher share 

of givers increases average knowledge 

slevel for all levels of asymmetry in the 

degree distribution and all levels of 

randomness in the network. 

◊ Effects of asymmetry in the degree 
distribution on aggregate efficiency 

depend on the scarcity of knowledge: 

when knowledge is abundant (in a ma-

ture industry for example) asymmetry 

always has a negative effect on aggre-

gate efficiency, but when knowledge is 

scarce (young industry) the relation-

ship is non-monotonic – when asym-

metry is low the effect is positive, but 

becomes negative as asymmetry in-

creases. 

◊ Effect of randomness in network struc-
ture also depends on the amount of 

knowledge: when knowledge is scarce 

increasing randomness (and therefore 

decreasing clustering in network) has 

positive effect on overall efficiency of 

the system, by contrast when knowl-

edge is abundant the effect is reverse.  

◊ At the level of individual agents, it is 
always beneficial to have many con-

nections. The effect is stronger when 

knowledge is scarce, when the degree 

distribution is skewed, and when ran-

domness is high. 

◊ High clustering of an agent’s ego net-
work is generally bad for the agent’s 

economic performance. This effect is 

prominent when knowledge is scarce. 

◊ Traders always outperform givers. The 
difference decreases with asymmetry 
in link distribution when knowledge is 

scarce. 

◊ The effect of having givers as 
neighbours depends on knowledge 

abundance: when knowledge is scarce 

there is no significant gain from having 

higher share of givers in one’s 

neighbourhood; when knowledge is 

abundant being close to a giver in-

creases individual performance. 
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◊ Being connected to a star has a nega-
tive effect on one’s efficiency. This ef-

fect is stronger when degree distribu-

tion is asymmetric. 

POLICY RELEVANCE 

Analysis of the model leads to conclusions 
which are relevant for policy-making in this 

area. First, under certain conditions (abun-

dance of knowledge, significant share of trad-

ers) individual and social preferences may 

diverge, thus carefully designed policy inter-

ventions may facilitate formation of network 

with socially efficient architecture.  

Second, the design of such a policy should 

take into account specifics of the targeted 

industry. Indiscriminate application of the 

same policy in different circumstances may 

have opposite effects. The details about state 

of knowledge and the social conventions 

about knowledge exchange matter a lot, thus 

in this area policy must be built on a very 

strong empirical foundation.  

COMMENTS AND FEEDBACK 

We welcome feedback on our newsletter and 

work. Do not hesitate to contact us if you 

have ideas or comments about what you 

would like to see covered by the newsletter, 

or if you would like to write a contribution by 

yourself.  

For further information about the project visit 

www.nemo-net.eu or contact the Project Co-

ordinator: 

Dr. Matthias Weber 

Austrian Research Centers GmbH – ARC 

Department Technology Policy 

Tech Gate Vienna 

Donau-City-Straße 1 

A-1220 Vienna, Austria 

Phone: +43 (0)50 550-4561 

Fax: +43 (0)50 550-4599 

Email: matthias.weber[at]arcs.ac.at 
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binding and without obligation. 

REFERRALS AND LINKS 

The publisher and the authors are not responsible 

for any contents linked or referred to in this news-
letter – unless they have full knowledge of illegal 

contents and would be able to prevent the readers 
of this newsletter from accessing those informa-

tion. If any damage occurs by the use of informa-
tion presented there, only the author of the respec-

tive information might be liable, not the one who 
has linked or referred to these information. 

COPYRIGHT 

The publisher and the authors intended not to use 
any copyrighted material for the newsletter or, if 

not possible, to indicate the copyright of the re-

spective object. 
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newsletter subscribers at the time of subscription 
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The data collected will exclusively be used to pro-
vide the voluntarily requested newsletter service. 

As a general principle, no information gathered on 

subscribers is to be used other than for the provi-

sion of the voluntarily requested newsletter service 
and under no circumstances are third parties to be 

granted access to the personal details of subscrib-
ers; not withstanding legal obligations of the pub-

lisher. The use of published postal addresses like 
telephone or fax numbers and email addresses for 

marketing purposes is prohibited, offenders send-
ing unwanted spam messages will be punished. 

LEGAL VALIDITY OF THIS DISCLAIMER 

This disclaimer is to be regarded as part of news-
letter. If sections or individual terms of this state-

ment are not legal or correct, the content or valid-

ity of the other parts remain uninfluenced by this 

fact.  


