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• ‘We are true to our creed when a little girl born into the bleakest poverty knows that she has the same chance 
to succeed as anybody else …’—Barack Obama, inaugural address, 2013

• ‘We must create a level playing field for American companies and workers.’ —Donald Trump, inaugural 
address, 2017

• Conceptually and morally, meritocracy is presented as the opposite of systems such as hereditary aristocracy, 
in which one’s social position is determined by the lottery of birth. Under meritocracy, wealth and advantage 
are merit’s rightful compensation, not the fortuitous windfall of external events. Although widely held, the belief 
that merit rather than luck determines success or failure in the world is demonstrably false. This is not least 
because merit itself is, in large part, the result of luck. Talent and the capacity for determined effort, sometimes 
called ‘grit’, depend a great deal on one’s genetic endowments and upbringing.

• Luck intervenes by granting people merit, and again by furnishing circumstances in which merit can translate 
into success. This is not to deny the industry and talent of successful people. However, it does demonstrate
that the link between merit and outcome is tenuous and indirect at best.

• Meritocracy is the most self-congratulatory of distribution principles. Its ideological alchemy transmutes 
property into praise, material inequality into personal superiority.

(source: Robert H. Frank, Success and Luck, 2020)
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Meritocratie, een beladen concept?



• Amartya Sen (Nobel laureate, 2000): The idea of meritocracy has many virtues, but clarity is not one of 
them.

• Plato’s (c. 428–c. 348 BC) meritocratic political theory (found primarily in the Laws, Republic, and 
Statesman) is similarly focused on governance. His argument for meritocracy and against democracy is 
simple: Managing a state is hard. It requires specific skills, like bravery, sobriety, graciousness, and love 
of wisdom. These skills are not found among the common people or the wealthy. If political power were 
entrusted to them, the “ship of state” (Republic 488a–89c) would run aground. Not to mention, the 
sailors—democratically-elected leaders—are always squabbling. Only a “true pilot”—a philosopher-
king—can safely guide his ship to its destination. (See also, e.g., Republic 412a-e, 473c-d, and 484a ff.) 

• Article VI of the Declaration of the Rights of Man and of the Citizen (1789) says: All citizens, being equal 
in the eyes of the law, shall be equally eligible to all dignities, public positions and occupations, according 
to their ability, and without distinction except that of their virtues and talents. 

• Across the Atlantic, Thomas Jefferson desired a “natural aristocracy” for his new nation, in which 
hierarchies would reflect “virtue and talents” rather than “wealth and birth”. Indeed, Jefferson regarded 
this natural aristocracy as “the most precious gift of nature, for the ... government of society” (1813). 
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• Hume puts in the Treatise: The external performance has no merit. We must look within to find the moral 
quality. This we cannot do directly; and therefore, fix our attention on actions, as on external signs. But these 
actions are still considered as signs; and the ultimate object of our praise and approbation is the motive, that 
produc’d them. (1739–40: 3.2.1) 

• Rawls pairs equal opportunity not with a meritocratic distributive rule, but with his Difference Principle. A just 
society, according to Rawls, will respond to merit only insofar as that benefits the worst-off members of society. 
Conceivably, by allowing meritorious citizens to earn more than non- meritorious citizens, we can grow the 
social pie and thereby enable greater redistribution to the worst-off. If that is the case, and only if that is the 
case, will Rawls’ theory pay any heed to merit. But merit’s role in Rawlsian distribution will always be mild, 
instrumental, and contingent. 

• The most commonly-adduced argument for the “wisdom of the [democratic] crowd” is Condorcet’s Jury 
Theorem (Condorcet 1785). In its simplest form, the theorem considers a group of voters choosing between 
two alternatives (e.g., a Democrat and a Republican). Each voter has a probability of choosing the “correct” 
(e.g., more just) candidate. That probability is shared and >50%. Assuming votes are statistically independent 
and the group uses “one person, one vote”, Condorcet’s theorem tells us that (i) the larger the group gets, the 
more likely it is to choose correctly and (ii) the probability that the group chooses correctly goes to 100% as the 
number of voters goes to infinity. 
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The meritocracy debate is, to put it mildly, unsettled. This is a reflection of 
its philosophical richness. While meritocratic ideas have been expressed 

and implemented for millennia, we still struggle to say exactly what 
meritocracy is and if it is desirable. 

We do not have full answers to those questions. 
Perhaps we are now, at least, beginning to understand them. 

Meritocracy

Inequality

Balance?
Luck?

Democracy?

Morality
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Cf. Jerome Karabel, The Chosen,
2005 (The hidden history of admission

and exclusion at Harvard, Yale and Princeton)

Napoleon: la carrière est ouverte aux talents
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Grenzen verleggen in onderwijs

Interesting times in EdTech – The EdTech bubble

Volatile market
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• Startups coming
• Startups going
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Education is big 
business
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The dual frontier: Patented inventions
and prior scientific advance
Mohammad Ahmadpoor1,2 and Benjamin F. Jones1,2,3*

The extent to which scientific advances support marketplace inventions is largely
unknown. We study 4.8 million U.S. patents and 32 million research articles to
determine the minimum citation distance between patented inventions and prior
scientific advances. We find that most cited research articles (80%) link forward to
a future patent. Similarly, most patents (61%) link backward to a prior research article.
Linked papers and patents typically stand 2 to 4 degrees distant from the other domain.
Yet, advances directly along the patent-paper boundary are notably more impactful
within their own domains. The distance metric further provides a typology of the fields,
institutions, and individuals involved in science-to-technology linkages. Overall, the
findings are consistent with theories that emphasize substantial and fruitful connections
between patenting and prior scientific inquiry.

S
cientific research can propel both funda-
mental understanding and practical appli-
cation, but the extent to which scientific
advances support technological progress
is unclear (1–3). According to the “linear

model” of science, basic research, focused on
understanding, provides a foundation for eventual
technological applications (1, 4–7). For example,
Riemannian geometry, an abstractmathematical
advance that was initially widely ignored, later
proved essential to Einstein’s development of
general relativity and, ultimately, to time dilation
corrections in the Global Positioning System. In
biology, basic research into extremophile bacteria
later proved essential to the development of the
polymerase chain reaction, theDNAamplification
technique that is vital to modern biotechnology
applications. Such examples illustrate the poten-
tial value of the linear model as a conception of
scientific and technological progress, a view that
helps motivate the public case for supporting
scientific research (1, 8, 9).
At the same time, many observers argue that

basic research rarely pays off in practical appli-
cation or that practical advances typically pro-
ceed without any inspiration from basic research
(10–14). These views suggest a potentially sub-
stantial disconnect between theknowledgeoutputs
of public science institutions, such as research
universities or government laboratories, and in-
ventive outputs in the private sector. Other schol-
ars argue for a richer interplay between scientific
and technological progress. Characterizing sci-
entific progress as advances in understanding
and technological progress as advances in use,
a common theme emphasizes that investigators
focused on questions of use, engaged in solving
real problems, may in turn generate new under-
standings and progress in basic science (2, 15–17).

For example, Pasteur’s germ theory of disease
was closely intertwined with his work on indus-
trial fermentation and food safety applications,
and the development of the second lawof thermo-
dynamics was inspired by Carnot’s practical in-
terest in the efficiency limits of steam engines
(2, 7). In these cases, new understandings of
nature are seen less as independent exercises
of human curiosity that pay off in unexpected,
future applications than as insights that spring
up along the technological frontier.
Amid these diverse views of the interplay be-

tween scientific and technological progress, there
aremany anecdotes but little systematic evidence.
Our starting point is an integrated citation net-
work that traces references from all 4.8 million
patents issued by the U.S. Patent and Trademark
Office (USPTO) from 1976 to 2015 to all 32 mil-
lion journal articles published from 1945 to 2013
as indexed by the Web of Science (WOS), the
world’s largest collection of scientific research.
The citation network begins by locating patents
that directly cite journal articles, which defines a
“paper-patent boundary” where practical inven-
tions and scientific advances are linked (18–21).
The network further determines the minimum
citation distance for all other papers and patents
to this boundary, creating a measure of distance
that can be applied across a broad landscape of
scientific and technological progress. We fur-
ther integrate information about fields, individ-
uals, and institutions (universities, government
laboratories, and publicly traded firms) for each
paper and patent. The supplementary materials
detail the underlying data sources and further
discuss the use of citation networks to measure
knowledge flows, including patent-to-paper cita-
tions (22–26).
Figure 1A presents a schematic of the inte-

grated citationnetwork and introduces ourmetric.
Formally, we define the distance metric Di ∈
f1; 2; 3;…g for each patent or paper i. When a
patent directly cites a paper, both nodes receive
Di ¼ 1, representing patents and papers at the
“patent-paper boundary.” For the set of all other

paper and patents, we recursively determine the
minimum citation distance to this boundary.
Namely, a paper i withDi ¼ nþ 1 is one that is
cited by a paper jwith Dj ¼ n and is not cited by
anypaper k withDk < n. Similarly, a patent i with
Di ¼ nþ 1 is one that cites a patent j withDj ¼ n
anddoes not cite any patent k with Dk < n. Paper
and patents that cannot be connected at any dis-
tance to the paper-patent boundary are described
as “unconnected.”Note that the graph is directed:
We trace citations backward in time, using the
references in each patent and paper and jump-
ing from the patent to the paper domain where
Di ¼ 1.
Our first results concern connectivity, consider-

ing the extent to which papers or patents exist
in independent spheres. As shown in Fig. 1B, the
patent-paper citation network has been domi-
nated by a single connected component. A ma-
jority of patents—60.5%—made references that
could ultimately be traced to science and engi-
neering papers. Similarly, among all science and
engineering papers that received at least one ci-
tation, 79.7% could ultimately be connected to a
patent. In short, we find majority connectivity,
where the substantial majority of cited research
articles can be linked to a future patent, and the
modestmajority of patents can be linked to prior
scientific research.
At the boundary, 0.759million patents directly

cited 1.41 million papers, representing 21% of all
connected patents and 10% of all connected papers
(Fig. 1C). Although these numbers are substan-
tial, the broader picture that emerges in Fig. 1C is
one of indirect connectivity. Themodal connected
science and engineering paper was 3 degrees
from the nearest patent. The modal connected
patent was 2 degrees from the nearest paper.
Looking between 2 and 4 degrees of the patent-
paper boundary captures 68% of all connected
patents and 79% of all connected papers.
Our second set of results applies the distance

metric to characterize fields. We used 185 WOS
field classifications for science and engineering
papers and the 388 primary USPTO technology
classes that contained at least 20 patents in the
citation network. For each field or class, Fig. 2A
presents the mean distance,Dmean, among con-
nected papers or patents as well as the percent-
age connectivity (i.e., the percentage of papers
or patents in that field for which D exists). Here
we see the enormous variation across fields.Dmean

ranged from 2.00 to 5.90 across science fields
and from 1.17 to 5.65 across patent classes.
Examiningpatents, the technology classes closest

to the paper-patent boundary include combina-
torial chemistry,molecular biology, superconduct-
ing technology, and artificial intelligence, all of
which had Dmean < 1:50. The most distant tech-
nology classes concern subjects such as locks,
buttons, fasteners, envelopes, fire escapes, and
chairs, all of which had Dmean > 4:75. To further
characterize this variation, we examined the full
Ddistributions for severalmajor technology classes
(Fig. 2B). For example, we see that Dmode ¼ 1 for
“multicellular living organism” patents, where
85% directly cited papers, whereas Dmode ¼ 5 for
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TECHNICAL CHANGE AND THE AGGREGATE 
PRODUCTION FUNCTION * 

Robert M. Solow 

JN this day of rationally designed econometric 
studies and super-input-output tables, it 

takes something more than the usual "willing 
suspension of disbelief" to talk seriously of the 
aggregate production function. But the aggre- 
gate production function is only a little less 
legitimate a concept than, say, the aggregate 
consumption function, and for some kinds of 
long-run macro-models it is almost as indis- 
pensable as the latter is for the short-run. As 
long as we insist on practicing macro-economics 
we shall need aggregate relationships. 

Even so, there would hardly be any justifica- 
tion for returning to this old-fashioned topic if 
I had no novelty to suggest. The new wrinkle 
I want to describe is an elementary way of 
segregating variations in output per head due to 
technical change from those due to changes in 
the availability of capital per head. Naturally, 
every additional bit of information has its 
price. In this case the price consists of one new 
required time series, the share of labor or prop- 
erty in total income, and one new assumption, 
that factors are paid their marginal products. 
Since the former is probably more respectable 
than the other data I shall use, and since the 
latter is an assumption often made, the price 
may not be unreasonably high. 

Before going on, let me be explicit that I 
would not try to justify what follows by calling 
on fancy theorems on aggregation and index 
numbers.' Either this kind of aggregate eco- 
nomics appeals or it doesn't. Personally I be- 
long to both schools. If it does, I think one can 

draw some crude but useful conclusions from 
the results. 

Theoretical Basis 
I will first explain what I have in mind 

mathematically and then give a diagrammatic 
exposition. In this case the mathematics seems 
simpler. If Q represents output and K and L 
represent capital and labor inputs in "physical" 
units, then fhe aggregate production function 
can be written as: 

Q = F(K,L;t). (I) 

The variable t for time appears in F to allow 
for technical change. It will be seen that I am 
using the phrase "technical change" as a short- 
hand expression for any kind of shift in the 
production function. Thus slowdowns, speed- 
ups, improvements in the education of the labor 
force, and all sorts of things will appear as 
"technical change." 

It is convenient to begin with the special case 
of neutral technical change. Shifts in the pro- 
duction function are defined as neutral if they 
leave marginal rates of substitution untouched 
but simply increase or decrease the output at- 
tainable from given inputs. In that case the 
production function takes the special form 

Q = A (t)f (K,L4) (ia) 

and the multiplicative factor A (t) measures the 
cumulated effect of shifts over time. Differenti- 
ate (ia) totally with respect to time and divide 
by Q and one obtains 

? A DJa .K DIL 
=+ A - +A - Q A DK Q DL Q 

where dots indicate time derivatives. Now de- 
fine wk - 3Q K andWL = aQ 

L the rela- 
DK Q DL Q 

tive shares of capital and labor, and substitute 
in the above equation (note that DQ/DK= 
A Df/3K, etc.) and there results: 

-+WK-+WL ~~~~~(2) Q A K L 

* I owe a debt of gratitude to Dr. Louis Lefeber for sta- 
tistical and other assistance, and to Professors Fellner, 
Leontief, and Schultz for stimulating suggestions. 

1 Mrs. Robinson in particular has explored many of the 
profound difficulties that stand in the way of giving any 
precise meaning to the quantity of capital ("The Production 
Function and the Theory of Capital," Review of Economic 
Studies, Vol. 2I, No. 2), and I have thrown up still further 
obstacles (ibid., Vol. 23, No. 2). Were the data available, it 
would be better to apply the analysis to some precisely de- 
fined production function with many precisely defined in- 
puts. One can at least hope that the aggregate analysis 
gives some notion of the way a detailed analysis would 
lead. 

[ 3I2 ] 
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Grenzen tussen disciplines verleggen

457

This confirms previous findings by Glänzel et al. (2009) concerning subject-normalised 
citation indicators according to which major fields proved too coarse and the lowest level, 
(subject categories) provide a fine-grained but very fuzzy subject assignment. Subfields could 
therefore serve as the favoured reference level for disciplines. This gives also some quantitative 
evidence to support the decision of not to go for kind of “topic interdisciplinarity” as sketched 
in the preliminary and more conceptual considerations above. 
 

 

 
Figure 1. The cross-citation based structure of the Leuven-Budapest scheme (1999–2018) based 

on major fields (top) and subfields (bottom) 
Data sourced from Clarivate Analytics Web of Science Core Collection 

 
Figure 1 shows the disciplinary structure of the WoS at the broad field level (15 major fields) 
and subfield level (74 disciplines). The detailed scheme for these hierarchic levels is given in 
the Appendix. 

Individual document based subject assignment  
The next step towards creating the groundwork of variety and disparity measurement concerns 
the individual subject assignment of articles and their cited references. Variety (and balance) 
is based on the number and distribution of disciplines the knowledge of which is integrated in 
published research results, whereas disparity takes also their dissimilarity into account. While 

the first aspect can be studied by analysing, e.g., the disciplines to which the cited references 
belong, the later aspect requires the knowledge of the disciplinary structure of the complete 
database (cf. Figure 1). Because of the strong correlation and robustness of all three methods, 
any of those are suitable for the creation of a ‘global’ (dis-)similarity matrix. We decided to 
choose BC, since this does not require any particular citation window and most documents 
have sufficiently long reference lists. At this point, we have to make a distinction between the 
reference items used for BC, the particular topics of which are not relevant for the link analysis, 
and those used to improve subject assignment and to detect topics of knowledge integration in 
IDR. This forms a straight continuation and update of the idea proposed by Glänzel et al., 
(1999) and Glänzel & Schubert (2003) in connections with the creation of cognitive but 
bibliometrics-aided subject classification scheme. The proposed iterative algorithm is suited to 
assign documents to subjects at different levels of granularity, of course, with different 
precision. In this context we mention that Milojeviþ (2020) has recently developed a citation-
based algorithm for to reclassify Web of Science articles at two different aggregation levels, to 
subject categories and broad disciplines.  
Since many cited documents are published in general journals such as Physical Review Letters 
in physics, JACS or Angewandte Chemie in chemistry or even multidisciplinary journals like 
Science, Nature, PNAS US or PLoS One with no specific subject profile, we have to detect the 
topic of those items by analysing their own references. Therefore, we introduce the multiple-
generation reference model to classify individual scientific publications. In this step, we adopt 
D�IXOOဨFRXQWLQJ�PHWKRG�IRU�WKH�assignment classification system and we track the relationship 
between the original publication and the cited references’ sub-fields (1st generation), but also 
the cited reference’s sub-fields of those cited references (2nd generation) and so on (3rd 
generation).  
The classification model we propose is a parameterized rule-based model. This approach 
allows us to implement different versions and study the effect of altering parameter settings. In 
short, a publication is assigned to the most dominant subfield(s) in the aggregated set of cited 
references. Cited subfields are ranked based on the normalized share they take in the total set 
across multiple generations. The selection of the most dominant subfields can be based on a 
particular threshold or a combination of rules or judgements.   
 

 
Figure 2. The multi-generation reference model supporting individual document subject-
assignment based on two generations with ‘active’ (dark) and ‘non-source’ items (light). 

 

KƌŝŐŝŶĂů�ĚŽĐƵŵĞŶƚ

ϭƐƚ ŐĞŶĞƌĂƚŝŽŶ

ϮŶĚ ŐĞŶĞƌĂƚŝŽŶ
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Figure 2 illustrates the 2-generation approach. The grey-shaded references symbolise the 
“active” references, i.e. those that are indexed in the database, the white one stand for non-
source references the assignment of which is often unclear and which are therefore ignored.  
Of course, each additional generation can increase the number of disciplines contributing to 
the integration of knowledge but could weaken their direct influences and thus increases 
fuzziness. Table 2 shows the distribution within the major fields of the similarity between the 
discipline profiles of the first two generations of cited references, where the share of the records 
within a certain similarity range in all records belonging to the corresponding field is 
calculated. According to the results, in some fields there is less integration of knowledge from 
other disciplines over reference generations than in other fields. The corresponding field codes 
can be found in the Appendix. The more skewed the distribution, the lower is the fuzziness and 
vice versa. Therefore, lower weights can be given to ‘indirect’ references, which are 
represented by higher generations and the precision of which in terms of the assignment of the 
original document decreases with the order of the generation. 
 
Table 2. The distribution of discipline similarity between 1st and 2nd generation references by 

major fields, with a colour gradient from red (strong similarity) over white to blue (weak) 

 
Data sourced from Clarivate Analytics Web of Science Core Collection 

 
The general formula of normalizing the share of a research field or discipline in our multiple-
generation model is as follows:  
 
 NFS(n)

i = w1 FS(1)
i + w2 FS(2)

i + … + wn FS(n)
i, 

with 
 

x n is the number of cited reference generations considered. 
x NFS(n)

i denotes the normalized share of category i aggregated over n generation. 
x FS(k)

i denotes the share of cited category i in the total number of cited categories at 
generation k. 

Field [.95,1] [.9, .95) [.85, .9) [.8, .85) [.75, .8) [.7, .75) [.65, .7) [.6, .65) .55, 1.6) [.5, .55) [.0, .5) 

A 0.456 0.268 0.120 0.062 0.034 0.020 0.012 0.008 0.006 0.004 0.009 

B 0.484 0.282 0.119 0.054 0.026 0.014 0.008 0.004 0.003 0.002 0.003 
C 0.510 0.249 0.109 0.054 0.029 0.017 0.010 0.007 0.004 0.003 0.007 
E 0.578 0.199 0.090 0.047 0.027 0.019 0.011 0.008 0.006 0.004 0.011 
G 0.729 0.139 0.055 0.028 0.015 0.010 0.007 0.005 0.004 0.003 0.007 
H 0.640 0.164 0.076 0.041 0.023 0.020 0.010 0.007 0.006 0.004 0.010 
I 0.467 0.280 0.124 0.058 0.029 0.016 0.009 0.006 0.004 0.002 0.005 
K 0.368 0.160 0.108 0.077 0.050 0.061 0.032 0.026 0.029 0.023 0.065 
L 0.692 0.144 0.064 0.033 0.019 0.015 0.009 0.006 0.005 0.004 0.010 
M 0.501 0.241 0.113 0.058 0.032 0.019 0.012 0.008 0.005 0.004 0.008 
N 0.675 0.195 0.067 0.029 0.014 0.008 0.005 0.003 0.002 0.001 0.003 
P 0.535 0.228 0.101 0.052 0.029 0.018 0.011 0.008 0.005 0.004 0.009 
R 0.339 0.295 0.162 0.086 0.047 0.027 0.016 0.010 0.006 0.004 0.008 
Y 0.444 0.230 0.117 0.067 0.040 0.030 0.019 0.014 0.011 0.008 0.022 

Z 0.484 0.262 0.113 0.056 0.031 0.019 0.011 0.007 0.005 0.004 0.008 

 

x wk refers to the normalizing factor or weight attributed to generation k. it takes a value 
between 0 and 1. 

x w1 + w2 +…+ wn =1. 
Based on the values that are assigned to the normalizing factors or weights special cases can 
be identified: 

x If wk=1 for any value of k where 1ōkōn, only the kth generation is taken into 
consideration. 

x If wk = 1/n for any value of k where 1ōkōn , every generation is taken into 
consideration and treated equally. 

x If wk = w1/k, for any value of k where 1ōkōn, every generation is taken into 
consideration and the kth generation has the 1/k times of share compared to the 1st 
generation. 

x If wk =w1
k, for any value of k where 1ōkōn, each generation is taken into 

consideration and the factor for each additional generation is multiplied by w1. 
Next, the cited categories or fields are ranked in descending order based on their normalized 
shares. Finally, the highest ranked category or categories are attributed to the publication after 
the application of judgement rules. The normalized share for the highest ranked subfield is 
given by NFS(n)

r=1  
In this study, we consider only the first two generations and report on three weight-allocation 
schemes (or models) as shown in Table 3. References to multi-disciplinary journals in the last 
considered generation were ignored as being unspecific. The weights and their ratios have been 
determined on an empirical basis and simple arithmetic, where, for instance, M3 takes the 
potentiating number of references into account. 

Table 3. The weight-allocation model for normalising the share of research fields 
Wight model Formula w1 w2 

M1 w1 =1 1.000 0.000 
M2 w2 =1 0.000 1.000 
M3 w2=w12 0.618 0.382 

 
For the assignment of the sub-fields to individual papers, we have implemented these selection 
rules:  

x The individual assignment to a paper is limited to three sub-fields (i.e., disciplines) 
according to their frequency ranks i = 1, 2, 3. 

x A publication can be uniquely assigned to discipline a only if none of the higher ranked 
subfields has a normalized share which is at most 0.67 times the subsequent one. 

x Assignment of additional disciplines is done, if the above share is larger than 0.67 
following the same algorithm.    

x The procedure is to be stopped after at most three fields have been assigned. Otherwise, 
assignment is stopped by the procedure whenever NFS(2)

r=i+1/NFS(2)
r=iİ2/3 for any L���3. 

x Unassigned documents can still be assigned manually, but are very likely to be truly 
interdisciplinary themselves. These cased proved to be rather rare. 

Table 4 provides a concise formalised view of the complete procedure of subfield assignment 
to individual papers. 
We add a sample of the identified papers published in Nature to illustrate the procedure of 
assigning the field, shown in Table 5. Note, that the weight type here is M1, i.e., only 
considering the first-generation reference. As our purpose is to allocate up to three fields to the 
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diversity, contrary to the field of mathematics as studied by
Larivière and Gingras.

Conclusion and Discussion

We claim that for diversity studies in Informetrics the
2DS is a better discriminator than the related Rao-Stirling
indicator. Although these two measures satisfy the basic
requirements for diversity measures that take variety,
balance, and disparity into account, the Hill-type indicator
2DS gives more weight to variety. In the particular case of
diversity of references, this aspect is, in our opinion, of
more importance than the other ones. We repeat here that
when measuring diversity one must be able to discuss it in

terms of ratios or percentages. That is the main reason why
the Rao-Stirling measure has low discriminatory power
and 2DS, or perhaps another one of the qDS family should
be used.

We propose the following ideas for future study:

• To compare journals that are rather multidisciplinary, such
as Nature and Science, with journals that publish real inter-
disciplinary articles. For this we need a more detailed
exploration on the article level.

• Following Larivière and Gingras, but with our operation-
alization of the notion of interdisciplinarity, perform
a broad study of the correlation between citations and
diversity.

TABLE 2. Average citations for different levels of papers’ diversity.

Journal AGs_subfield Cit_Avg Journal AGs_subfield Cit_Avg

Bioinformatics >6 5.309 Science >6 58.695
4–6 6.551 4–6 67.823
2–4 9.777 2–4 53.948
1–2 11.347 1–2 37.926

1 18.464 1 23.615
J Am Geriatr Soc >6 7.029 Scientometrics >6 3.464

4–6 7.730 4–6 4.093
2–4 6.937 2–4 4.004
1–2 6.057 1–2 3.525

1 2.313 1 3.420
Nature >6 63.915 J Differ Equations >4 3.529

4–6 82.907 2–4 3.135
2–4 67.583 1–2 2.518
1–2 43.436 1 1.310

1 35.248 J Symbolic Logic >2 1.816
1–2 1.090

1 0.808

FIG. 3. Average citations for different levels of a paper’s diversity (Nature and Science).
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between NPs before 1980 and the corresponding middle 10% group is not statistically sig-
nificant. Moreover, the diversity of NPs is always higher than that of the bottom 10% group 
in DIV*. Unexpectedly, the diversity values of NPs in 1980–2016 measured by True R-S is 
significantly lower than that of the bottom 10% group.

We add here a remark about the three groups based on received citations. Based on the 
mean and median values in Table 4, we see that the diversity values for non-NP articles 
tend to decrease with the percentile rank (the 10% group has the highest value in diversity 
as measured by our indicators). This corresponds with the findings of Chen et al. (2015) 
who observed that for most disciplines and specialties, the interdisciplinarity in the high 
percentile rank class is higher than that in the low percentile rank classes. Their observa-
tion was based on a variation of the Simpson index (or repeat rate) as the used diversity 
measure and held more for clinical medicine than for biomedical research (the two medi-
cine-related categories studied in their investigation).

Differences between NPs and matching groups dealing with the same topic

The classification of WoS categories works at the level of scientific journals so that publi-
cations are not directly assigned to research areas. Instead, the journal in which a publica-
tion has appeared determines the research area(s) to which this publication is assigned. 
However, papers published in the same journal may deal with totally different research top-
ics (Waltman and van Eck, 2012). In this subsection, we investigate the differences between 
NPs and matching groups dealing with the same topic. Figures 5 and 6 and Table 5 show 
the results. For the distribution of DIV* and True R-S values, we observe a similar pat-
tern as in Sect. 4.2. The results of the nonparametric Wilcoxon signed-rank test in Table 5 
suggest that diversity values of NPsmeasured by both DIV* and True R-Sare significantly 

Fig. 5  The DIV* of NPs and matching groups per year with common topics
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lower than that of the top 10% and the median 10% groups, but higher than that of the bot-
tom 10% group with common topics.  

In three periods, the diversity values of NPs are always significantly lower than the top 
10% group with common topics, and higher than the bottom 10% group. Different from 
part 5.3, the difference between NPs in 1940–1979 and the corresponding middle 10% 
based on True R-S is statistically significant.

Discussion

Based on Nobel Prize winning articles in Physiology or Medicine awarded from 1900 to 
2016, we conducted a comparative analysis between NPs and conventional work on three 
citation levels. The comparison was done within the same field and on the same topic. The 
diversity of references was measured using two diversity measures, namely DIV* and the 
True R-S. Results obtained for these diversity measures show that the diversity of refer-
ences cited in Nobel Prize winning articles is generally lower than in conventional articles 
from the same field or the same topic. Our findings provide useful clues to better under-
stand the characteristics of transformative research, here represented by Nobel Prize win-
ning articles, and the pattern of knowledge integration of key publications by Nobel Prize 
laureates.

As shown in Tables 4–5, the diversity of NPs is significantly lower than that of the top 
10% and the median 10% groups, but higher than that of the bottom 10%, suggesting that 
the knowledge concentration of Nobel Prize winning work is higher than in non-NP work. 
Moreover, we divided the whole period into three parts based on the Nobel Prize pub-
lication year to provide insight into the difference over time in the diversity of NPs and 
matching groups. The results in Figs.3–6 indicate that although the diversity of references 
increased over time, the difference between NPs and conventional research remains, except 
for NPs in 1980–2016 vs the bottom 10% group in corresponding fields based on True R-S. 
This observation can be considered as an indication that our results are sufficiently stable.

Since DIV* and the True R-S are composite indicators, we also separately measured the 
variety, balance, and disparity of NPs and their matching groups. We found that: (1) The 
disparity of NPs is lower than that of the top and the median 10% groups and higher than 
that of the bottom 10%. (2) The NPs always show a lower variety than that of the top 10% 
group and a higher variety than that of the bottom 10% groups. But the difference between 
NPs and the median 10% group is not statistically significant. (3) For the balance indica-
tor, we found that the differences between NPs and all matching groups are not statistically 
significant.

A reliable result should be independent of the used indicator. We found that, although 
the results obtained through DIV* and True R-S show significant differences between NPs 
and matching groups, the ranking for each article differs depending on the used indicator 
(be it with a high Spearman rank correlation). This finding suggests that one should be 
very cautious when stating conclusions based on a single indicator. This is also the reason 
why we checked variety, balance, and disparity separately.

Identifying the characteristics of TR is a difficult task, because transformative work, 
although planned with a clear goal is usually not framed as being transformative from the 
outset. It is rooted in the idea of tackling a major problem. Following Koshland (2007), see 
also (Rousseau et al., 2018) such problems fall into different groups according to the type 
of problems solved. According to Koshland’s typology, most TR belongs to the “charge” 
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Abstract
In this contribution, we conduct a multi-angular analysis of the interdisciplinarity of Nobel 
Prize winning research compared to non-Nobel Prize winning articles, based on a large 
data set. Here interdisciplinarity is measured by the diversity of references, using two true 
diversity indicators. Articles mentioned by the Nobel Prize committee in Physiology or 
Medicine (in short: NP articles) awarded during the period from 1900 to 2016 are the focus 
of our research. These articles are compared with those in a dataset of articles that do not 
include a Nobel Prize winner among their authors. Moreover, these non-NPs articles were 
not only published in the same year and in the same research field as the NP ones but 
were also dealing with the same research topic (such articles are referred to as non-NP arti-
cles). The results suggest that the topic-related knowledge included in Nobel Prize winning 
work is higher than that in non-NPs, hence with lower interdisciplinarity than the latter. 
Our findings provide useful clues to better understand the characteristics of transformative 
research, here represented by key publications by Nobel Prize laureates in Physiology or 
Medicine, and their pattern of knowledge integration.
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Fig. 1. Interaction effect between division membership and type of publications in applied sciences.

immediately explain the significance of the third-order
effect with respect to division membership, the ap-
plied/basic distinction and the science/technology
categorization (‘DIV × A/B × T/S’). Finally, a
second- and third-order interaction manifests itself
as significant (discipline, division membership and
science/technology orientation of the publications
(‘DISC × DIV × T/S’); here the aforementioned
interaction effects of discipline and the predomi-
nance of science- or technology-oriented publications
intermingle with division membership. For applied
engineering and medicine, division members perform
better within technology-oriented publications; while
at the same time similar numbers are found within the
science-oriented categories. For all other disciplines
implied in this analysis (sciences, pharmacology, agri-
cultural sciences), division members publish more in
both categories (science/technology) than their coun-
terparts not involved in divisional activities. Figs. 1–5
provide graphical overviews for these second-order
interaction effects.
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Fig. 2. Interaction effect between division membership and type of publications in medicine.

Hence our findings are straightforward; division
members publish more than their colleagues not in-
volved in divisional activities for three out of the
four categories used in this analysis. Even when tak-
ing into account second- and third-order interaction
effects, this basic pattern does not change: division
members never publish less than their colleagues not
involved in divisional activities, and for the majority
of the categories, they even publish more.
Of course, it can be noticed that all previous anal-

yses were conducted by making use of publications
between 1998 and 2000. They result in a profile of pub-
lication behavior for both division and non-division
members at a certain point in time, hence providing a
static image. They thus do not allow for any inference
in terms of underlying shifts over time; as such, infer-
ences in terms of ‘leveraging’ are a bit premature. As
the ‘skewing’ phenomenon is by definition a process,
a longitudinal approach is needed to complement the
findings reported so far and to prove clues about the
underlying dynamics. In the next section, this issue is
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Fig. 4. Interaction effect between division membership and type of publications in pharmacology.

explored through an analysis of publication behavior
over a longer time period.

3.3. The skewing problem once more: does the
nature of publications shift over time?

In order to clarify whether or not a shift occurs in
the nature of publications, we assessed the publica-
tion behavior of division and non-division members

 Sciences 

science technology basic applied

ye
ar

ly
 a

vg
 #

 p
ub

s

non-division
division

Fig. 5. Interaction effect between division membership and type of publications in sciences.

over a 9-year period (1991–2000). This analysis im-
plied a sample reduction. First of all, only divisions
that have existed for a time period of 9 years can be
used in this analysis. In addition, only divisions with
stable membership throughout the time period exam-
ined have been withheld. These restrictions implied
that an analysis could only be made for the research
divisions situated within the field of applied engineer-
ing (n = 8).
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Fig. 7. Publication ratio (division members/non-division members) in relation to division turnover.

While we already hinted at one possible explana-
tion of the phenomena observed so far, namely the
higher awareness of the state-of-the-art in industrial
technology issues, another potential explanation im-
mediately comes to mind. The feasibility of com-
bining entrepreneurial and purely scientific activities
might (partly) stem from the availability of additional
resources—and hence research staff—related to con-
tract research activities. If this would be the case, intro-
ducing the size of the division might lead to a further
accentuation of the findings obtained so far. Hence,
for each division, the ratio between the number of
publications of division members and the number of
publications of the matched non-division members has
been calculated. Relating this ratio to the division’s
yearly average turnover indeed revealed a positive re-
lation (r = 0.80; P < 0.01), which is illustrated in
Fig. 7. Moreover, overall divisions grow over time in
terms of size and hence (human) resources (r = 0.85;
P < 0.01), resulting in a situation of ‘gaps’ widening
over time.

4. Conclusions and discussion

The shifting role of universities and knowledge
centers within the broader framework of innovation
systems, has led to some concerns about the fea-
sibility of combining educational-, scientific- and

entrepreneurial-oriented activities within universities.
In this analysis, we examined the relationship be-
tween the latter two, whereby the amount and nature
of publications was a focal point of attention. Publi-
cation output from faculty at KU Leuven (Belgium),
structurally involved in contract research, was com-
pared to publication output of scholars working in
similar disciplines. This analysis led us to the follow-
ing observations. Firstly, scientific output is clearly
related to division membership. Publication amount
and differences between division and faculty mem-
bers depend on the discipline under consideration,
but overall, division members publish more than their
faculty colleagues. Hence, at first sight, the perfor-
mance of contract research does not seem to hamper
scientific activities.
When taking into account the nature of the pub-

lications, it turns out that division members publish
more than their colleagues not involved in divisional
activities for the majority of the categories used in
this analysis to characterize this nature. Even when
taking into account second- and third-order interac-
tion effects, this basic pattern does not change: divi-
sion members never publish less than their colleagues
not involved in divisional activities, and for the major-
ity of the categories, division members publish more.
Hence, our data suggest no evidence for the skew-
ing problem in terms of shifting towards the more ap-
plied spectrum at the expense of more basic-oriented



Grenzen verleggen via kernfaciliteiten
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Kernfaciliteiten bundelen wetenschappelijke top-onderzoeksinfrastructuur.  Ze geven impulsen om 
excellent academisch onderzoek te voeren, binnen een breed en interdisciplinair netwerk.

VIEW
Ø KU Leuven Kernfaciliteit voor 

Erfgoedonderzoek en 
Digitaliseringstechnologieën

Ø Onderzoekt de karakteristieken 
van documentair erfgoed

Ø Faciliteert onderzoek op het 
gebied van diagnose,  
conservering en nieuwe 
technologieën voor digitalisering

FIBER

Ø Ontwikkelt en verricht 
hoogkwalitatieve mechanische 
tests van biologische weefsels 

Ø Analyseert ook biomedische 
producten en hun mechanische 
interactie met biologische 
weefsels en draagt zo bij aan de 
ontwikkeling en evaluatie van 
toekomstige therapieën

KFGS

Ø Helpt fundamentele processen 
blootleggen in een brede waaier 
van nieuwe elektro-optische 
nanomaterialen en past deze 
inzichten toe

Ø Een one-stop platform dat 
toptalenten herbergt, voor 
onderzoekers uit verschillende 
departementen en disciplines

SERRES

Ø ondersteunt 
plantenwetenschappers in hun 
proefopzet en huisvest hun 
planten in ideale condities

Ø eigen geautomatiseerde 
controle van de temperatuur, 
luchtvochtigheid, belichting en 
water- en nutriëntengift



Grenzen van kennis verleggen: doctorandi

DOCTORAL SCHOOL OF 
HUMANITIES & SOCIAL SCIENCES

DOCTORAL SCHOOL OF BIOMEDICAL 
SCIENCES

ARNBERG DOCTORAL SCHOOL 
OF SCIENCE, ENGINEERING & 

TECHNOLOGY

DRIE DOCTORAATSSCHOLEN
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Onderwijs Onderzoek

Dienstverlening Internationalisering
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“The endless frontier”
Het verleggen van grenzen als uitgangspunt

Open-ended basic research on a massive scale

Science: the ‘seed corn’ of technological advance

Research: the ‘pacemaker’ of technological progress

“…chiefly in academic institutions … scientists may work 
in an atmosphere … relatively free from adverse 
pressure of convention, prejudice, or commercial 
necessity�

Scientists need maximum autonomy to pursue research 
�…free from the influence of pressure groups, free from 
the necessity of producing immediate results, free from 
any central board ….�

Science – the endless frontier 1944
Vannevar Bush 1890 - 1974

Became a best-seller
- serialized in Fortune
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Grenzen verleggen in dienstverlening

PUSH-PULL
PULL-PUSH
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REGA INSTITUUT TRANSPLANTATIECENTRUM CENTRUM VOOR PROTONTHERAPIE

VIJF BUSINESSCENTRESTWEE WETENSCHAPSPARKEN BIJ 
CAMPUSSEN

"TECHNOLOGY CORRIDOR“ LEUVEN MET 
DRIE WETENSCHAPSPARKEN

• Wetenschapspark Waterschei
• Feed Food Health Campus

• Leuven Business Centre
• Leuven Bio-Incubator
• UbiCentre
• Campus Remy
• Kortrijk Innovation and Incubation Centre
• Tienen Biogenerator

• Wetenschapspark Arenberg
• Wetenschapspark Haasrode
• Wetenschapspark Termunck
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De vraag naar impact	

K. Debackere • Lezing VVA • 2018	

	
	
De	blinde	reus	Orion	en	zijn	knecht	Cedalion	die	als	zijn	ogen	moesten	dienst	doen.	
“de	waarheid	ontdekken	door	op	vroegere	ontdekkingen	te	bogen”	(Bernard	van	
Chartres,	12e	eeuw).	
“I	have	seen	further	by	standing	on	the	shoulders	of	giants”	(Isaac	Newton,	1675).	
KU	Leuven	2021.	
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Van individuele organisatie naar ecosystemen
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Geef zuurstof aan grensverleggend werk, de 
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Verdienste vereist balans en meten
(Hendrik Lorentz, door meten tot weten)
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THE USEFULNESS OF USELESS

KNOWLEDGE

BY ABRAHAM FLEXNER

r
IT not a curious fact that in a world

steeped in irrational hatreds which

threaten civilization itself, men and

women-old and young-detach them-

selves wholly or partly from the angry

current of daily life to devote themselves

to the cultivation of beauty, to the exten-

sion of knowledge, to the cure of disease,

to the amelioration of suffering, just as

though fanatics were not simultaneously

engaged in spreading pain, ugliness, and

suffering? The world has always been a

sorry and confused sort of place-yet

poets and artists and scientists have ig-

nored the factors that would, if attended

to, paralyze them. From a practical

point of view, intellectual and spiritual

life is, on the surface, a useless form of

activity, in which men indulge because

they procure for themselves greater satis-

factions than are otherwise obtainable.

In this paper I shall concern myself with

the question of the extent to which the

pursuit of these uselesssatisfactions proves

unexpectedly the source from which un-

dreamed-of utility is derived.

We hear it said with tiresome iteration

that ours is a materialistic age, the main

concern of which should be the wider
distribution of material goods and worldly

opportunities. The justified outcry of

those who through no fault of their own

are deprived of opportunity and a fair

share of worldly goods therefore diverts

an increasing number of students from

the studies which their fathers pursued to

the equally important and no less urgent

study of social, economic, and govern-

mental problems. I have no quarrel

with this tendency. The world in which

we live is the only world about which our

senses can testify. Unless it is made a

better world, a fairer world, millions

will continue to go to their graves

silent, saddened, and embittered. I

have myself spent many years pleading

that our schools should become more

acutely aware of the world in which

their pupils and students are destined to

pass their lives. Now I sometimes won-

der whether that current has not become

too strong and whether there would be

sufficient opportunity for a full life if

the world were emptied of some of the

useless things that give it spiritual sig-

nificance; in other words, whether our

conception of what .is useful may not

have become too narrow to be adequate

to the roaming and capricious possibili-

ties of the human spirit.

We may look at this question from two

points of view: the scientific and the

humanistic or spiritual. Let us take the

scientific first. I recall a conversation

which I had some years ago with Mr.

George Eastman on the subject of use.

Mr. Eastman, a wise and gentle far-

seeing man, gifted with taste in music

and art, had been saying to me that he

meant to devote his vast fortune to the

promotion of education in useful sub-

jects. I ventured to ask him whom he

regarded as the most useful worker in
science in the world. He replied in-

stantaneously: "Marconi." I surprised

him by sayin~, "Whatever pleasure we
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The Significance of the Frontier in American
History (1893)

By Frederick J. Turner, 1893By Frederick J. Turner, 1893

Editor's Note: Please note, this is a short version of the essay subsequently
published in Turner's essay collection, The Frontier in American History (1920).
This text is closer to the original version delivered at the 1893 meeting of the
American Historical Association in Chicago, published in Annual Report of the
American Historical Association, 1893, pp. 197-227.

In a recent bulletin of the Superintendent of the Census for 1890 appear these
signi!cant words: “Up to and including 1880 the country had a frontier of
settlement, but at present the unsettled area has been so broken into by isolated
bodies of settlement that there can hardly be said to be a frontier line. In the
discussion of its extent, its westward movement, etc., it can not, therefore, any
longer have a place in the census reports.” This brief o"cial statement marks the
closing of a great historic movement. Up to our own day American history has
been in a large degree the history of the colonization of the Great West. The
existence of an area of free land, its continuous recession, and the advance of
American settlement westward, explain American development.

Behind institutions, behind constitutional forms and modi!cations, lie the vital
forces that call these organs into life and shape them to meet changing
conditions. The peculiarity of American institutions is, the fact that they have
been compelled to adapt themselves to the changes of an expanding people—to
the changes involved in crossing a continent, in winning a wilderness, and in
developing at each area of this progress out of the primitive economic and
political conditions of the frontier into the complexity of city life. Said Calhoun
in 1817, “We are great, and rapidly—I was about to say fearfully—growing!”[1][1] So
saying, he touched the distinguishing feature of American life. All peoples show
development; the germ theory of politics has been su"ciently emphasized. In the
case of most nations, however, the development has occurred in a limited area;
and if the nation has expanded, it has met other growing peoples whom it has
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