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Abstract: In response to current economic theories, a specigdhasis is put on
the need for continuous acquisition of knowledde Jtock of knowledge, howev-
er, is growing very dynamically, which leads toftshin the scientific process.
There are shifts in individual innovative produdgry which is manifested by the
fact that the contribution of young scientists ¢tteace is getting smaller and — as
a result of deepening of specialization — the demae of teamwork increases.
These two fundamental changes taking place in seishould imply changes in
the approach to science policy.

In the face of “ageing” of innovators, policy makeshould put more emphasis
on creating incentives for young people to entérgdic careers (higher wages in
science, more attractive grants at the peak ofrdifie career; contrary to popular
beliefs, grant systems should not be created spalyf for young people).
A measure increasing the interest in scientificegais could also be a shortening
of education which, however, is difficult to act@ev

A response of science policy to the increasing dante of teamwork should
be (1) implementation of changes in the remunenasgstem for researchers,
which should evolve from individual-oriented rewiagito team-oriented reward-

© Copyright Institute of Economic Research & Polistonomic Society Branch in Tatu
Date of submission: March 26, 2013; date of acceggtaMarch 15, 2014

Y Contact: mawachow@prawo.uni.wroc.pl, Universitwdfoctaw, pl. Uniwersytecki 1,
50-137 Wroctaw, Poland



30 Malgorzata Wachowska

ing, as well as (2) implementation of changes ia @valuation system, which
should be aimed towards team evaluation.

Introduction

Since endogenous growth theory was formulatedeasing attention has
been paid to problems of broadly conceived knowde@s it has been rec-
ognized as the most important factor in the econamwth of a country.
In light of the above theoretical findings, spe@aiphasis has been placed
on the need to acquire knowledge.

There are voices in the literature, however, thatgteadily expanding
stocks of knowledge result in shifts in the scignprocess, including also
negative developments, which in turn should leasthanges in the ap-
proach to science policy.

The purpose of this article is to show the fundasadechanges in sci-
ence that occur as a result of excessive suppknofvledge, as well as
indicate directions in which — in the face of thebanges — science policy
should evolve.

Oversupply of knowledge:
aresearch approach

Measurement of the size of knowledge and, even raordhe excess of
knowledge involves many difficulties. They resubtimly from the fact that
knowledge is an abstract concept, it is intangillereover, it is not known
what the optimum knowledge stock is for a givenrtou or region, and
thus it is actually a relative matter whether we dealing with an excess or
deficiency of knowledge. In spite of those diffizes, knowledge oversup-
ply estimation methods can be found in the litet@although they only
take the form of claims that ,there is too much \kiexige” rather than
specific estimates of the volume of “useless knogés.

The researchers dealing with problems of knowleeggess are con-
vinced that excessive accumulation of knowledgelmatharmful” in cer-
tain circumstances. As a consequence, they estiomyethe size of nega-
tive (in their opinion) effects of knowledge ovepsly, which means that
the measurement of knowledge excess is indirecianely based on as-
sumptions.
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One of such negative effects related to excessomimaulation of
knowledge that is indicated in literature is ,agiofjinnovators”, which
means e.g. that every new generation of innovataise their first break-
through discovery (accomplishment) being older tirenpreceding genera-
tions (this and other negative consequences of kauge excess are dis-
cussed in more detail in the next section of thielaj. Therefore, if a re-
searcher wants to show that we face an excess mfl&dge, then they
must show, among other things, that ,aging of rators” takes place, i.e.
show e.g. that over time every new generation dbeélldrize winners or
scientists whose names lie at the origin of a theorother selected group
of ,prominent” innovators are older at the timeatiftaining their doctor-
ates, creating Nobel Prize-winning ideas or otlaecomplishments. If the
research results indicate ,aging of innovatorsis partly concluded on this
basis of the fact that there is a phenomenon oésstee accumulation of
knowledge. In order to increase the certainty thatessive knowledge is
the cause of ,aging of innovators”, an analogoudysshould be conducted
on a control sample, e.g. on outstanding athletesse achievements are
not based on knowledg#.it is found that the greatest, first achievensent
of successive generations of athletes are madw ataime or even younger
age, it would mean that among athletes, whose vi®rkot based on
knowledge, the phenomenon of ,aging” does not ac€ars would addi-
tionally strengthen the hypothesis that individuatsose work is based on
knowledge may be sometimes disturbed by its excess.

In this article, in-depth and critical literatureidies have been conduct-
ed. The conclusions have been formulated on thes lodisthe literature,
especially articles in reviewed journals, focusinginly on the problems
connected with negative effects of excessive stotksowledge.

Basic trends in science as a result
of excessive accumulation of knowledge

Today, researchers (innovators) are forced to lnestdd and create their
ideas on somewhat different terms than their prestars did 50 or 100
years ago. First of all, they face stocks of knalgke that increase every
year, a kind of accumulation of knowledge. It isiraated, for instance,

that average annual publication growth rate (WebSoience) is 5.5%

(Jones, 2010b, p. 1). These changing creative wanklitions, in turn, im-

ply further changes.
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Excessive amounts of knowledge stocks result, anodihgr things, in
changes in individual innovative productivity. Tfiest ones to have indi-
cated the presence of this phenomenon were Hdéle aad Trajtenberg
(2001), those authors however did not indicateaisses. They have shown
that the age of researchers at the time of thesir ifivention rises over time
at a significant rate, which means that innovatorevery new generation
are older. Similarly, Mooret al have shown that the average age of re-
searchers who receive their first grant has riséoofeet al, 2009).

Similar observations have been made by Joneswioo extended con-
clusions of Hallet al. and also indicated the source of changes in @&nov
tive productivity. Jones (2009, 2010a), on the dasistudies he conducted,
has shown that (1) successive generations of inamvatart knowledge-
based careers increasingly later, (2) the firsaigeecomplishments based
on knowledge (in science) are generated by inarghsolder inventors
(3) innovative life output of successive generatiofinnovators is getting
smaller and (4) the period in lives of successigaggations of innovators
in which they are productive is getting shotter

According to Jones, the role of the individual aresice is changing be-
cause of excessive knowledge accumulation and dagpef its fields, and
more specifically, because of the fact that evexw generation of innova-
tors increasingly larger amounts of knowledge.

Jones argues that investment in human capital ischspensable factor
of innovative activities. Therefore, every new gatien, if it wants to
increase its innovative potential and innovate, ngake its step forward”,
must first possess the old knowledge, that of iézlecessors. The acquisi-
tion of knowledge, however, is costly as it is cected with the necessity
to sacrifice a certain part of one’s life (the méreowledge one wants to
possess, the more of one’s life one must sactrificegrefore, every new
generation must acquire more knowledge in ordendke their first break-
through discovery, which means that they must léaereasingly longer.
Hence the marginal capacity to innovate decredside(vicz-Pijaczyiska
& Wachowska, 2012, pp. 116-119), i.e. generatingnobvations by suc-

1 The first great accomplishment of an innovatoofien difficult to clearly identify
since it is usually a subjective matter. If e.qxdmative productivity of Nobel Prize winners
(as the most prominent innovators) is studied themassumed that the first great invention
is the one for which the innovator has receivedRhee. In turn, in the case of innovators
not being university researchers, the first greatifig can be assumed to be the first idea of
the innovator that was protected by a patent.

2 Measurement of productivity of innovative actis difficult because there is no sin-
gle measure of productivity. In the case of innow&t— academic researchers, the most
common measures of productivity are SSCI meastuitatdons, as well as the number of
papers and books published.
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cessive generations becomes increasingly diffioulhe sense that in lasts
increasingly longer.

Since the process of learning becomes increasioglyer, i.e. succes-
sive generations of innovators start their knowéebtlgsed careers later in
life, and biological processes cannot be stopges period in the lives of
successive generations of innovators in which treyproductive is getting
shorter. Moreover, since innovators start theireees increasingly later,
and the research potential of innovators is thgelgirin their youth (which
they sacrifice for learning to a large extent), esgive accumulation of
knowledge reduces in a wageteris paribusthe inventive product of the
whole life of successive generations of innovators.

The Jones’ studies are continued by the studig®és and Weinberg
(2011), whose subject was an analysis of age dysaofi scientists from
areas of the so-called hard sciences (Physics, StrigimMedicine) at the
moment of their breakthrough discoveries. In thise; the authors indicat-
ed, like they did before, the occurrence of shiftsndividual innovative
productivity towards the ageing of innovators. lartirular, these shifts
relate to the area of Physics, in the case of wthiehaverage age of the
scientist at the moment she or he produced a tmealgh idea increased
by 13.4 years over the course of the whole resepeciod (1901-2008)
(Jones, Weinberg 2011, p. 18910). Slightly smadleifts have been ob-
served in Medicine (7.4 years) and Chemistry (d@ars), however they
are significant in these areas as well (Jones &Wérig, 2011, p. 18910).
The analysis by Jones and Weinberg indicates liegpthienomenon of age-
ing of innovators is common and cannot be explaibgdifferences in
particular fields of science.

Deo et al. (2012) also document the decreasing contributiorthef
young to science from year to year, but in theinmm it is a result of re-
duced number of workplaces available for youngmdists in the area of
R&D.

Since Deocet al (2012) provided neither theoretical nor empiriegi-
dence in support of their considerations concertliregcauses of aging of
innovators, otherwise than Jones and Jogteal, excessive amount of
knowledge that extends the process of educatiotintes to be the most
probable explanation (proposed by Jones) for tlmiroence of shifts in
individual innovative productivity.

An alternative to the spending of increasing numjesars of one’s life
on education is to narrow one’s area of expertigech limits the amount
of knowledge needed to be acquired. However, theadtbn oriented to-
wards deeper specialization reduces the individuability to independent
creation of ideas, thus in a way eliminating inrtova of the ,renaissance
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man” type and forcing them into teamwork (e.g. M&p1995). Moreover,
the deeper the knowledge, the greater the neeabjmecate with others.

The existence of the trend towards cooperatiomuggasted e.g. by the
studies by Teasley and Wolinsky (2001) and Datgal. (2009), who see
the sources of this phenomenon in modern technoldgh makes “barri-
ers of distance” between collaborators locatedafart disappear. The in-
crease in cooperation between researchers frorereiiff universities is
indicated also by Jones, Wuchty and Uzzy, whereinntrary to their pre-
decessors — they exclude the possibility of thepeoation being driven
mainly by modern communication technologies (Wudttgl, 2007; Jones
et al, 2008). The results of studies by Wuchtyal. indicate the increasing
dominance of research teams in generation of krdyelen all areas of
science (natural, technical, social sciences, hitiean Their continuation
confirms the existence of the above mentioned tenydeNamely, the anal-
ysis by Jonest al. shows that both the number of research teams lhasve
the frequency of cooperation between researchera 62 major U.S.
universities has been on the rise since 1975, landriowth rate of the co-
operation is generally constant over the wholeaedeperiod (1975-2005).
Only in 1998, when Internet and other technolodiegan to proliferate,
a higher rate of increase in cooperation was reghrget later it returned to
the one from the period before 1998. This provespa@ling to Jonest al,
that the inter-university cooperation is drivendtiier factors than commu-
nication technologies.

The shift towards teamwork may be therefore comstleas another
change observed in science that results from exeesscumulation of
knowledge.

Science policy implications of diminishing
innovative products of young scientists

The extended education period and perspective editiog the break-
through idea later in life discourage starting @éatific careers. This stems
from the fact that receipt of rewards expected byradividual is delayed,
i.e. for example, value of grants, status or jogmfation and creative free-
dom (Stern, 2004).

As a result of this, individuals, instead of chowsEcientific careers in
which a doctorate is earned at an increasinglyradge and postdoctoral

3 The analysis of Nobel Prize winners’ (as being agnthe most prominent innovators)
age on the day of their receiving their doctorateperts the thesis that researchers receive
their doctorates at an increasingly older age (Sc2@10a).
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phases become extended (it concerns especiallyasaal as Biotechnolo-
gy or other so-called experimental sciences), n@ayfar careers requiring
less involvement in training and in which a streafrhigh wages is ob-
tained relatively quicklyThe effects of such a choice may be especially
severe for science, scientific progress, and caregty also for economic
growth when science is avoided by exceptionallgrigdd individuals.

Therefore science policy faces a challenge to deincentives to start
careers in science and research, especially the teggarch.

The most obvious incentive are wages. If they viengerform the func-
tion of attracting — especially the most talentedividuals — to scientific
careers, then they should be on a level which weoaldpensate for each
additional year of training and also surpass thelfeoffered by other ca-
reers.

Alternatively, longer, larger (especially in the geapart) and less re-
strictive research grants should be offered ingbak period of scientific
career in order to be an incentive for young redess who are still in their
training period (Jones, 2010b, p. 21).

Another alternative is supporting young researchweith grants ad-
dressed especially to them (Jones, 2010b, pp.3)1/f2ave assume, how-
ever, that there is a phenomenon of excessive adation of knowledge
which makes generation of important ideas by redeas in young age less
likely, then offering grant money to the youngneffective and in a sense
unethical. This is because a young researchergaillsupport for realiza-
tion of their project (with little innovative potgal) at the expense of
a (significant) project created by an experiena=garcher. However, if the
young researcher, contrary to theories and resdfiltsmpirical analyses,
created a breakthrough idea then they could frapply for grant support
together with other researchers, including therebthes.Therefore, there is
no justification for creating a special grant oféeeclusively for young re-
searchers.

In literature, one can also be find a view accaydmwhich support for
the young should come only from the wage part (§08610b, p. 21) in
order to highlight, in a way, that the project litge of little meaning and
that the research proposed by the young reseatahdoe conducted with-
out the use of financial means. In such a caseghery it seems more ef-
fective and honest to pay wages to all the young esmpensation for the
unproductive period when they are acquiring edoodfan to engage pub-
lic funds in administrative service of grants, imtihg also remunerating
experts to review the research projects.



36 Malgorzata Wachowska

An additional possibility, which might contribute &n increase in inter-
est in scientific careers is acceleration of tragniJones, 2010b, pp. 21-22).
It is probably the best alternative, since humandseare most creative and
have the greatest innovative potential in youthv{he% Stephan, 1991,
Stephan & Levin, 1993; van Dalen, 1999).

In response to those discoveries, science polioyldhplace more em-
phasis on early separation of educative pathstafduscientists and other
people in order to ensure that future innovatoceive training which is
more intensive and better quality, as well as shdones, 2010b, pp. 21-
22).

The above alternative, however, is difficult tolizafor many reasons.
Firstly, who and according to what criteria woulel te decide which chil-
dren have the potential to become scientists irithge. Secondly, even if
correct selection of children were made, do acudtge the right to decide
for children who they will be in the future? Andhdilly, the possibility for
significant intensification of education does neem very probable, even
among children and youth with potential for futereative work.

Science policy implications
of shift towards teamwork

As it has already been mentioned, the researchaciisasingly forced to
deepen specialization and teamwork as a resulihafeasing stock of
knowledge. Meanwhile, the remuneration system ienee seems to be
inconsistent with this trend. The most importarizgs in science, i.e. the
Nobel Prize or Fields Medal, are predominantly aledr for individual
achievements. Even prizes of decidedly little intpoce are oriented to-
wards the individual. Namely, (e.g. in Poland),aimesearch team that is
applying or has already obtained a grant to fumgbiibject, only one person
can be the project manager (even if the idea optbgct is a fruit of work
of more than one person) and it is mainly she awhe enjoys all honors.
Rewarding individuals at the expense of the tedsesaa humber of is-
sues (Jones, 2010b, pp. 25-28). Firstly, it engesaather individual work
and hiding of ideas, which in consequence is demia to science and
economy, since diffusion of knowledge occurs tessér extent. Secondly,
by blurring recognition, it discourages engageniemtamwork, which —in
the case of a well selected team — is more efeaivd results in creation
of more groundbreaking ideas than individual workirdly, it may turn
out that when choosing partners for cooperaticsgarchers look at who in
the team has a chance to become its leader. In wtirels, the researcher



Excessive Accumulation of Knowledge as a Challenge37

will seek to assemble such a team as to becomeaitsiger herself or him-
self. And finally, if the research activity becon@swned with success, the
researchers may become enemies, fighting for réognand prizes,
which is not beneficial for science either.

If we add to this that teamwork is against humatunmeg as human be-
ings have tendency to do everything by themselesieving that they
themselves will do everything best, and is alsonected with additional
inconveniences (Jones, 2008) related to findingedspwith complemen-
tary skills and coordinating with them, then onels# most important sci-
ence policy tasks should be creating incentivesnhggage in teamwork.

In this context it seems especially important torentrom the system of
individual rewards to team prizes in science.

Increasing dominance of teamwork in science shaldd produce poli-
cy responses addressing the system for evaluate®gsiin science (Jones,
2010b, pp. 26-27). First of all, it concerns thalagation of research pro-
posals and commercial inventions.

Proper evaluation of ideas is particularly impottas, on the one hand
it affects directions of creative effort and theeliof research, and on the
other hand it is significant for intellectual preperights. When the evalua-
tion mechanism is widely felt to be biased or netyvtransparent, it may
discourage to make an innovative efféktternatively, it may encourage
making this effort in the direction of such progethich in the opinion of
the innovators will ,enjoy” special treatment frahe evaluators.

The response of science policy to increasing teatkwogeneration of
ideas should be the transition from the evaluatamied out by a single
person to a team of evaluating experts, who woualdehthe potential to
assess a research proposal or patent applicataeiywdefined by a team of
narrowly specialized innovators. In such a caseh eapert would evaluate
only this specialist knowledge embodied in the aede project or patent
application which lies within the reach of his oexpertise.

It is important that the evaluating teams are amedi flexibly, so that
they are able to assess interdisciplinary propoaslsvell. Moreover, no
less important than the “principal” evaluation aofidea is so-called prelim-
inary evaluation, the effect of which is the appmient of an evaluating
team suitable for a given research proposal ompaieplication. It is par-
ticularly important in the case of ideas that aambead of their time” and
may be incomprehensible for the preliminary evaluatherefore, the pre-
liminary evaluation should also be made by a tedexperts.

Due to the fact that the greatest problems occtieatvaluation of the
most groundbreaking ideas, there are postulatéghbasystem of evalua-
tion in science should move towards so-called apexiuation. It consists
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in evaluation of an idea by all interested ,profesal colleagues”. Unfor-
tunately, this type of evaluation would mean theessity for early public
disclosure of the research idea, which would rattigrourage the innova-
tor to innovative activity.

So far as the principal evaluation of ideas is eoned, both in Poland
and globally, it can be noticed that science pdiiegomes directed towards
team evaluation, including also creating flexil@arns (in evaluating publi-
cations, grants or patent applications, although létter to the smallest
degree). Unfortunately, the system of preliminargleation does not seem
to keep pace with the above trends, which is indata.g. by postulates
towards so-called open evaluation. In Poland, médawit happens that
knowledge of the preliminary evaluator of a reskadea in grant applica-
tions is insufficient, as a result of which sheheris not able to find and
appoint an adequate evaluating panel. As a conesegquea part of
knowledge embodied in the research project is eitloe assessed or its
assessment is subject to error.

Conclusions

Considerations taken in this article show that egelr global stocks of
knowledge increase, which means that every newrgtoe of innovators

faces increasing educational burden. As a consequéme role of an indi-
vidual in science changes. Shifts occur in indigiduanovative productivi-

ty, which manifests itself in the fact that the tdyution of young scientists
in science is diminishing and — as a result of dae@m specialization — the
dominance of teamwork is increasing.

These two essential changes taking place in scishoald imply
changes in the approach to science policy.

In the face of ,ageing” of innovators, policymakestsould place more
emphasis on creating incentives for the young terecareers in science.
Such incentives could involve paying sufficientligth wages to scientists
or offering them larger and less restrictive resleayrants in the peak peri-
od of their scientific career. Contrary to the plapwpinion, however, cre-
ating a grant offer addressed especially to thengaeems not very effec-
tive. Another measure that would increase intenesscientific careers
could be reduced time of education, which is howehféicult to realize.
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Science policy should respond to the increasingid@ance of teamwork
by (1) implementation of changes in the rewardesysior scientists, which
should evolve from individual-oriented to team-oted rewarding as well
as (2) implementation of changes in the systenvaluation, which should
move towards team evaluation.
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