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Introduction
Tendency to Explain (Only) Average Productivity

• Research on scientific productivity puts the focus on 
explaining average productivity

– Life cycle effects (Cole, 1979; Levin & Stephan, 1991; Mairesse & Turner, 
2002; Rauber & Ursprung, 2006; …)

– Gender (Long, 1993; Mairesse & Turner, 2002; …)

– Lab/department influence (Cole & Cole, 1973; Mairesse & Turner, 2004; …)

– …



Introduction 
But: Productivity Distribution Very Skew (Lotka, 1926)
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Introduction 
The Conditional Average might be a Partial View

• Why expect a different impact of productivity drivers for 
unproductive versus productive researchers?

• Moving from the lower � upper end of the research output 
distribution, we expect:

1. Decreasing effect of incentives and other ‘conditioning variables’

• E.g. funding, promotion opportunities, gender, age… may have less effect at the 
top of the distribution than at the bottom (‘talent rules at the top’)

2. Decreasing substitution of research by other activities (teaching, 
patents)

• Other duties may crowd out research primarily at the bottom of the distribution

• This substitution may apply less to high-ability researchers, or there may even 
realize positive spillovers between different types of activities



Introduction 
The Conditional Average might be a Partial View

• In addition, effects across the distribution may differ

a) By quantity versus quality of research 

• r = 0.77 (hence expect similar results)

• But substitution effects may be stronger for research quality than quantity

b) By discipline

• Incentive effects: e.g. funding may be less/more important (‘little science’ –
‘big science’)

• Substitution effects: 

– Teaching : crowding out of research time « recruitment of lab workers

– Patenting: crowding out of research time « spillovers with applied research



Model

• Quantile regressions for a panel of count data

– Estimate the impact of the observables on the 10th, 25th, 50th, 
75th, 90th quantile of publication and citation counts

• Two methodological issues

– Unobserved individual effects

– Quantiles for count data



Model
Individual Effects

• Unobserved individual effects may be very important 
to explain differences in research productivity
(‘magic gland’, Stephan & Levin, 1992)

• Linear panel data model: �
�� ��� ��� � ea b= + +

( ) ( ) ( ) ( )�
� � � � � �� � ��� � � � � �� � � ��� � � � � � �� � � �� � � � b= - = --
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Quantiles are not linear operators
(Koenker, 2004)

When estimating conditional means, control for 
fixed effects by transforming variables as 
deviations from individual means



• Correlated random effects model (Chamberlain, 1984)
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X = rank (lagged), seniority in rank, head of research unit (lagged), project funding
(lagged), number of co-authors, teaching load, patents

Z = gender, age, career age, cohort, time, discipline, faculty membership, full-time 
versus part-time, average pre-sample performance

Model
Individual Effects (continued)



Model
Quantiles for Counts

• Y = discrete publication (or citation) counts
– So Qt(Y|X,Z) is not a continuous function of the parameters

• Impose artificial smoothness: ‘jittering’ (Machado & Santos Silva, 
2005)

– New variable V = Y + U with U uniformly distributed in [0,1)
– Relation between the quantiles of V and the quantiles of Y:

(interpolation of discrete jumps in the conditional quantile function)
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Data

• Unbalanced panel of 1,036 scientists at KU Leuven (1992-2001)

• Biomedical and exact sciences

• Output variables: publications & citations (SCI, WoS),     
teaching load (university records), patents (Patstat)

Organizational Unit Freq. Percent
Group Exact Sciences 483 46.9

  Faculty of Science 192 18.6
  Faculty of Engineering 214 20.8
  Faculty of Applied Bioscience and Engineering 77 7.5

Group Biomedical Sciences 547 53.1
  Faculty of Medicine 460 44.7
  Faculty of Pharmaceutical Sciences 36 3.5
  Faculty of Physical Education & Kinesiology 51 5.0

Total 1030* 100.0
* six people sw itched betw een groups and/or faculties in the period 1992-2001 and are 
not show n in this table.



Data
Researcher Characteristics

Averages across researchers and years
mean s.d.

Publications 3.60 6.00

Citations 4.94 7.20

Co-authors per paper 4.76 5.62

Patent applications (worldwide, Patstat) 0.05 0.37
Teaching load (year-hours)

teaching load <= 3 0.51 0.50
3 teaching load <= 10 0.40 0.49
teaching load > 10 0.10 0.30

Female 0.10 0.30
Age

age cohort 1 (age<40) 0.21 0.40
age cohort 2 (40<=age<50) 0.33 0.47
age cohort 3 (50<=age<60) 0.35 0.48
age cohort 4 (60<age) 0.11 0.31

Number of Researchers 1,036



Data
Researcher Characteristics (continued)

Averages across researchers and years
mean s.d.

Entry cohort
entry cohort 1 (1955-1980) 0.20 0.40
entry cohort 2 (1981-1988) 0.23 0.42
entry cohort 3 (1989-1991) 0.29 0.46
entry cohort 4 (1992-2001) 0.27 0.45

Fulltime at university 0.83 0.37
Rank

% rank 1 (junior) 0.25 0.43
% rank 2 0.25 0.43
% rank 3 0.19 0.39
% rank 4 (senior) 0.25 0.43

Rank seniority
years in rank <= 3 0.50 0.50
years in rank > 3 0.50 0.50

Head of unit 0.14 0.35
Project funding

type I funding (± € 900,000 for five years) 0.11 0.31
type II funding (max. € 475,000 for four years) 0.12 0.32

Number of Researchers 1,036



Results
Overview

• Complete sample

– Publication output (selected results)

– Tests

• Test of random effects specification

• Test of equality of parameters across quantiles

– Citation output

� Benchmark: random effects Poisson model (Wooldridge, 2005)

• Split-sample (chemistry, medicine)
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Results
Publication Output: Control Variables

Random effects
Poisson model

10% 25% 50% 75% 90%

nr of co-authors              ������ ������ ������ ������ ������ ������
������ ����	
� �����	� ������� ������� (28.35)

fulltime                      ������ ������ ������ ������ ��	��� ���
��
������ ������ �
���� ���	�� �
���� (4.71)

average nr of publications pre-1992 ���
�� ������ ������ ������ ������ ������
����
� ������ ������ ��
���� ����
� (3.56)

constant

ln(alpha)


������ 
������ 
������ 
������ 
���	�� 
������
����	�� ��
�	
� ������� �������� �������� (-3.78)


������
(-12.62)

year dummies included
main discipline included
faculty membership included
Observations 7,062
t-statistics in parentheses.
* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

included
included
included

7,062



Results
Publication Output: Age, Gender & Cohort

Random effects
Poisson model

10% 25% 50% 75% 90%

age                           
������ 
������ 
������ 
������ 
������ 
������
����
�� ������� ��
���� ��
���� ����	�� (-5.58)

career age                    
������ 
������ 
���� 
���� ���� ������
����	�� ������� ����
�� �����
� ���
�� (2.31)

entry >= 1992                 
���� 
���	�� 
����� 
���
�� ���� ����
�����
� �����
� �����
� ������� ���	�� (1.00)

male                          ���	 ��	��� ������ ������ ���
�� ������
���

� ������ ���
�� �	���� ����
� (2.56)

Observations 7,062
t-statistics in parentheses. 
* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

7,062



Results
Publication Output: Rank

Random effects
Poisson model

10% 25% 50% 75% 90%
seniority in rank             
������ 
���	�� 
������ 
������ 
����� 
������

������� ��
���� ������� ������� ������� (-5.51)
rank   

rank 1 in t-1 
��
��� 
������ 
������ 
������ 
������
��
�	�� ��
���� ����	�� ��
���� (-4.22)

rank 2 in t-1 
������ 
������ 
������ 
������ 
���
��
������� ��
���� ������� ��
���� (-1.97)

rank 3 in t-1 
����� 
������ 
���� 
���� 
�����
�����
� ����

� ������� ����	
� (-1.84)

other rank in t-1


������
��
����

������
�����
�

����

�������

������
��
�
��


��
��� 
������ 
������ 
���	�� 
������
������� ���
���� ������� ��
���� (-5.88)

Observations 7,062
t-statistics in parentheses.
* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

7,062



Results
Publication Output: Head of unit, Funding

Random effects
Poisson model

10% 25% 50% 75% 90%
head of unit in t-1 ������ ���
�� ������ ����� ���
� ����

����
� ����	� ������ ���	�� ����	� (1.32)
project funding

type I funding in t-1

type II funding in t-1

���	�� ��	��� ������ ������ ���� ���	�
���
	� ������ ���
�� ����	� ������ (1.71)

��	��� ������ ������ ������ ������ ������
Observations 7,062
t-statistics in parentheses. 
* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

7,062

Project funding (dummies)

• ‘Type I’ : ± € 900,000 for five years

• ‘Type II’ : max. € 475,000 for four years



Results
Publication Output: Teaching load, Patenting

Random effects
Poisson model

10% 25% 50% 75% 90%
teaching load                 
���� 
���� 
���� 
���� 
������ ����

������� ������� ������� ������� ����	�� (0.14)

patent applications 
���� 
���� 
���	 ���� ���� 
������
�����
� ������� ����

� ������ ������ (-2.14)

Observations 7,062
t-statistics in parentheses. 
* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

7,062



Results
Overview

• Complete sample

– Publication output

– Tests

• Test of random effects specification

• Test of equality of parameters across quantiles

– Citation output

• Split-sample (chemistry, medicine)



1) Correlated random effects model preferred over the 
cross-sectional model (both for publications and citations)

2) Differential effect of most determinants over the five 
estimated quantiles

� �
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Results
Tests (Buchinsky, 1998)

� ���� ���� ���� ���� ����� � 	 ���� ���� ���� ���� ����� � � 
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Results
Overview

• Complete sample

– Publication output

– Tests

• Test of random effects specification

• Test of equality of parameters across quantiles

– Citation output

• Split-sample (chemistry, medicine)



Results
Citation Output

• Focus on the differences vis-à-vis the results for 
publication output

• Similar
– Age, gender & cohort
– Rank

• Different
– Head of Unit, Funding
– Teaching load, Patenting



Results
Citation Output: Head of unit, Funding

Random effects
Poisson model

10% 25% 50% 75% 90%
head of unit in t-1 ������ ���
�� ������ ����� ���
� ����

����
� ����	� ������ ���	�� ����	� (1.32)
project funding

type I funding in t-1

type II funding in t-1

���	�� ��	��� ������ ������ ���� ���	�
���
	� ������ ���
�� ����	� ������ (1.71)
��	��� ������ ������ ������ ������ ������

Observations 7,062
t-statistics in parentheses. 

* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

7,062

Random effects
Poisson model

10% 25% 50% 75% 90%
head of unit in t-1 ������ ������ ����� ����� ���� ������

����
� ���
�� ����
� ������ ������ (5.01)
project funding

type I funding in t-1

type II funding in t-1

������ ������ ���	�� ������ ������ 
����
������� �
�
�� ������ ���
�� ������ (-0.53)
������ ���
�� ��	��� ��	��� ������ ������
���

� ����
� ���
�� ������� ������� (15.35)

Observations 7,062
t-statistics in parentheses.

* p<0.10, ** p<0.05

Panel-data estimation results, citation data
Quantile

7,062



Results
Citation Output: Teaching load, Patenting

Random effects
Poisson model

10% 25% 50% 75% 90%
teaching load                 
���� 
���� 
���� 
���� 
������ ����

������� ������� ������� ������� ����	�� (0.14)

patent applications 
���� 
���� 
���	 ���� ���� 
������
�����
� ������� ����

� ������ ������ (-2.14)

Observations 7,062
t-statistics in parentheses. 
* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

7,062

Random effects
Poisson model

10% 25% 50% 75% 90%
teaching load                 
������ 
���	 
���� 
���� 
������ 
������

����
�� �����
� ������� ����	�� ������� (-11.42)
patent applications ���� 
���� ���� ������ ������ ����

����	� �����	� ������ ������ ������ (0.62)
Observations 7,062
t-statistics in parentheses.
* p<0.10, ** p<0.05

7,062

Panel-data estimation results, citation data
Quantile



Results
Overview

• Complete sample

– Publication output

– Tests

• Test of random effects specification

• Test of equality of parameters across quantiles

– Citation output

• Split-sample (chemistry, medicine)



Results
Split-Sample Regressions by Discipline (Publication Output)

• Biology (organismic & supraorganismic level)

• Biosciences (general, cellular, subcellular biology; genetics)

• Biomedical Research (a.o. bioengineering, pharmacology, physiology)

• Medicine I: general & internal medicine
• Medicine II: non-internal specialties
• Neuroscience & Behavior

• Agriculture & Environment
• Chemistry
• Physics
• Geosciences & Space Sciences
• Engineering
• Mathematics

Assignment of journals to disciplines by the Policy Research Centre on R&D Statistics
(ECOOM, University of Leuven)



• Chemistry (N=91)
– analytical, inorganic & nuclear 

chemistry
– applied chemistry & chemical 

engineering
– organic & medicinal chemistry
– physical chemistry
– polymer science
– materials science

• Medicine I (general & internal, N=163)
– cardiovascular & respiratory 

medicine
– endocrinology & metabolism
– general & internal medicine
– hematology & oncology
– immunology

• Medicine II (non-internal specialties, N=196)
– age & gender related medicine
– dentistry
– dermatology/urogenital system
– ophthalmology/otolaryngology
– paramedicine
– psychiatry & neurology
– radiology & nuclear medicine
– rheumatology/orthopedics
– surgery

Main discipline of the researcher
= the discipline in which (s)he has the most publications in 1992-2001 

Results
Split-Sample Regressions by Discipline (Publication Output)



Results
Split-Sample Regressions by Discipline (Publication Output)

Averages across researchers and years
All disciplines Chemistry Medicine I Medicine II

mean (general & internal) (non-internal)
Publications
Co-authors per paper
Citations
Patent applications
Teaching load (year-hours)

teaching load <= 3
3 teaching load <= 10
teaching load > 10

Project funding
type I funding
type II funding

Number of Researchers 1,036 91 163 196

4.94 4.03 6.53 3.70

3.60 5.49 5.36 3.27
4.76 3.80 6.03 5.01

0.05 0.10 0.06 0.02

0.51 0.44 0.61 0.47
0.40 0.46 0.36 0.45
0.10 0.10 0.03 0.07

0.11 0.24 0.07 0.00
0.12 0.08 0.16 0.13



Results
Split-Sample Regressions: Teaching load

                              
10% 25% 50% 75% 90%

teaching load                 
���� 
���� 
���� 
���� 
������
������� ������� ������� ������� ����	��

Panel-data estimation results, publication data
Quantile

10% 25% 50% 75% 90%

Chemistry

Medicine I (general & internal)

Medicine II (non-internal) -0.06** -0.03** -0.02** -0.01** -0.00
(-7.89) (-6.34) (-14.04) (-3.86) (-1.22)

t-statistics in parentheses. 

* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

teaching load

0.14** 0.08 0.02** -0.01 0.01
(2.05) (1.29) (2.06) (-1.32) (0.45)

(-1.09) (-0.72) (0.44) (1.29) (0.92)
-0.08 -0.05 0.02 0.03 0.02



Results
Split-Sample Regressions: Patenting 

                              
10% 25% 50% 75% 90%

patent applications 
���� 
���� 
���	 ���� ����
�����
� ������� ����

� ������ ������

Panel-data estimation results, publication data, all disciplines
Quantile

10% 25% 50% 75% 90%

Chemistry

Medicine I (general & internal)

Medicine II (non-internal) 0.02 -0.09** -0.07 0.05** 0.04**
(0.56) (-4.55) (-1.54) (3.39) (16.91)

Panel-data estimation results, publication data
Quantile

patent applications

t-statistics in parentheses. 

* p<0.10, ** p<0.05

-0.62* -0.94* -0.55** -0.38** -0.28**
(-1.83) (-1.71) (-7.70) (-8.08) (-11.99)
0.04 -0.12 -0.03 0.00 -0.06**

(0.73) (-1.08) (-0.31) (0.03) (-2.10)



Results
Split-Sample Regressions: Funding

                              
10% 25% 50% 75% 90%

project funding
type I funding in t-1 ���	�� ��	��� ������ ������ ����

���
	� ������ ���
�� ����	� ������

Panel-data estimation results, publication data, all disciplines
Quantile

t-statistics in parentheses. 

* p<0.10, ** p<0.05

10% 25% 50% 75% 90%

Chemistry 0.84** 0.73** 0.64** 0.37** 0.19
(5.84) (6.63) (6.32) (4.79) (1.31)

Medicine I (general & internal) 0.05 0.36 0.14 0.15 0.04
(0.19) (1.55) (1.13) (0.89) (0.25)

* p<0.10, ** p<0.05

Panel-data estimation results, publication data
Quantile

type I funding1

t-statistics in parentheses.
1None of the researchers with non-internal medicine as main discipline received Type I funding.



Conclusions I

• Analyzing productivity through the lens of the conditional 
average does provide a limited view

• No institutional heterogeneity in this sample, but results 
are informative with respect to differential effects across 
the distribution

1. Many incentives and ‘classic’ productivity drivers show a 
declining effect (age, career age, gender, rank, seniority in rank, funding)

2. Only weak evidence for substitution of research by other 
activities

• Higher teaching load associated with lower publication counts at the very top

• No effect for patenting activity (but see results for quality & disciplines)



Conclusions II

a) Quantity versus quality of research
– Similar patterns for incentives & substitution effects 

– But there are exceptions, e.g.
• Large type I funding also matters for the very top of the citation distribution

• Teaching load crowds out quality at the very top and the very bottom

• Patenting is associated with higher citations to one’s research at the top

b) Several results are discipline-dependent

– Teaching complements publication output (q10, q50) in  chemistry but 
substitutes publication output in non-internal medicine (q10-q75)

– Patenting substitutes publication output in chemistry (q10-q90) and internal 
medicine (q90). For non-internal medicine it causes substitution at the 
bottom (q25) but complementarity at the top (q75-q90)

– Type I funding matters a lot for chemistry (q10-q75), but not for internal 
medicine





Quantile Regression (LAV)

• Example:
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