Delft
e t University of
Technology Rathenau Instituut

Science System Assessment

Academic Workforce Development

' A System Dynamics based Promortldn Ghaln Study into the Effects of'
Career'and Fulidlng PdllCles

4 y 1
: Ruben ]oha/es van ’Ker,sbergen :




Academic Workforce Development

A System Dynamics based Promotion Chain Study into
the Effects of Career and Funding Policies

Delft University of Technology

Faculty Technology, Policy and Management

Master Systems Engineering, Policy Analysis and Management

SEPAM M.Sc. Thesis Project

Chairman Graduation Committee:
First Supervisor TU Delft:

Second Supervisor TU Delft:

First Supervisor Rathenau Institute:

Second Supervisor Rathenau Institute:

Author:
Student number:
E-mail:
Publication date:

Prof.dr. ].A. de Bruijn
Dr. ir. C. van Daalen
Dr. M.L.P. Groenleer
Dr.ir. C. Chiong Meza
Dr. E. Horlings

R.J. van Kersbergen

1541013
r.j.vankersbergen@gmail.com
07-12-2015



EXECUTIVE SUMMARY

A healthy science system is important for continued economic growth. In the Netherlands, the
government supports the science system by implementing policies, in the hope of developing a
robustacademicworkforce. Inrecentyears, underthe influence of these policies, the science system
has changed. Noteworthy is the change from a direct institutional based support system to an
indirect competitive based support system. Simultaneously, public research organisations started to
rely on a temporary science workforce to deal with growing financial uncertainties. However, as
these changes are manifold and complex, it is difficult for policy makers to determine the
consequences it can have on the science system. Because knowledge about these impacts is
essential, researchis needed to understand and explore the behaviour of enacted policies over time.

This research addresses this problem in two ways. First, the science system will be analysed by
identifying key concepts, the current issues and the policies that are in place. In this process, the
Principal-Agent Problem is used to explain why regulation does not always have the right impact. The
research focuses on how the government can regulate the workforce in an environment where
perceptions differ and objectives are not aligned. Based on the notion of policy-making in complex
environments, three funding regimes are identified that can induce the right incentives: direct
institutional funding, indirect performance based funding and indirect performance agreements.

Second, the System Dynamics method is adopted and a model is create that explores the academic
workforce development in the timeframe 1999-2029, based on the different funding regimes and
policy measures. This will further increase the insights in the science system and create atool in
support of a policy-making process. The modelhas been applied to the case of the Netherlands and
issuccessful in replicating the observed historical data and behaviour. Because a governmental top-
down policy perspective is adopted, an uncertainty analysis will be conducted to test whether
different system perspectives lead to different behaviour. The model is then used to conduct
multiple policy experiments to analyse the effect of different policies and funding regimes on the
workforce development and research output.

The followingthree conclusions are found. First, research found that a relationship exists between
the increased focus for competitive funding and the increased focus on a temporary work force.
When itis uncertain if funds will be obtained, public research organisations are more likely to hire
temporary research staff, who are flexible, interchangeable and inexpensive. Additionally, the focus
on competitive funding could lead to productivity losses, as researchers spend more time on the
acquisition of funds. Second, results found that contract policies for temporary researchers do not
have the intended effect. Changing contract structures could lead to a different balance but does not
decrease the uncertainties in contract accumulation and turnover. Third, because policy-making is
difficult in light of the existing information asymmetries between the government and the
professionals onthe work floor, which means additional research is needed. Here the focus will be
on the different perceptions of the science system, the integration efforts of bottom-up and top-
down perspectives and the testing of uncertainties.
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1. INTRODUCTION

Academicresearch and scientificdevelopment are some of the main drivers for continued economic
growth (Chiong-Meza, 2012; Rathenau-Institute, 2015a). In the Netherlands, the academicworkforce
issupported by the Dutch government through the ministry of Education, Culture and Science (OCW)
and the ministry of EconomicAffairs (EZ), with the objective to stimulate research and development
(Versleijen & van der Meulen, 2007). However, over the past years the financial support for the
academicworkforce has been stagnating, even though the number of new students is rising (OCW,
2014). Simultaneously, policies with regard to contract and funding instruments have been enacted
to support the research body in the pursuit of continued high impact research. It is unknown what
the effects of the changing policies are on the development of the academic workforce. This study
aimsto analyse and understand the impact of funding regimes and policy measures on the workforce
development at public research organisations (PROs) in the Netherlands. Based on the study result
recommendations will be made.

1.1 PROBLEM BACKGROUND

Traditionally,academicresearch was mainly conducted autonomously within research organisations
(AWT, 1999; Hazeu, 1986). The government provided direct institutional funding to institutes, with
the assumption that fund would be allocated efficiently (AWT, 1999; de Weert, 2001). With the large
scale liberalisation advocated during the nineties, academic institutes were expected to become
more competitive, both among universities and individual researchers (Goede, Belder, & Jonge,
2014; Versleijen & van der Meulen, 2007). As governmental regulation would no longer be detailed,
the emergingautonomy gave universities the opportunity to self-direct while being responsible for
quality and productivity.

Today academicresearchis conductedina growing international and multidisciplinary context. The
necessary funds thatenable researchers to work are obtained from a variety of sources, both public
and private, and are increasingly international. The multitude of funding regimes makes it difficult for
research institutes to manage and direct theirresearch body while effectively allocating their means
(Enders & Teichler, 1997; Huisman, Weert, & Bartelse, 2002). Trends suggest that the landscape of
the academicworkforce has drastically changed with an emerging focus on temporary research staff.
Governmental funding also seems to stagnate over the last years due to the growing variety of
external funds. The focus on temporary staff and external funding might have negative effects on the
workforce and research output over time (Enders, 2007; Rathenau-Institute, 2015a).

WORKFORCE CHARACTERISTICS AND CAREER PROGRESSION

The academic workforce is primarily composed of researchers within the eight Higher Educational
Research (HOOP) areas: agriculture, natural sciences, engineering, health, economics, law,
humanitarian and social sciences. Inrecentyears the Netherlands has seenatremendousincrease in
the production of doctorates. Figure 1 showsthatthe numberof degrees have doubled overthe past
15 years, a remarkable trend when compared to the number of other academic positions which
remained relatively stable (Rathenau-Institute, 2015a).



Most academic staff enter the academic system through a PhD program (Enders, 2007; van
Arensbergen & van den Besselaar, 2012). This program provides the funding for a research leading
up to a doctoral degree. In most cases this will take four years, in which the graduate has to write
and defend a thesis in becoming eligible for a postdoctoral position while acquiring a distinct
academictitle. However most PhD candidates fail to succeed within the fouryears and overa quarter
leaves the academic world without a doctorate (Goede et al., 2014; Huisman et al., 2002).
Governmental incentives have significantly increased the PhD workforce over the last two decades.
However, while over 55 per cent of the PhD workforce wants to acquire a permanent position in
academia, the prospects remain relatively low (Huisman etal., 2002; OCW, 2014; van Balen & van
den Besselaar, 2007). This conflicts with the careeraspirations of most PhD candidates. The academic
career has traditionally been the goal for most researchers entering the PhD program and it is
designed as the objective within a graduate program (Van Balen, 2010).
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PhD graduates who follow the academiccareer path and are able to navigate through the process of
reappointmentand promotion will eventually acquire a permanent position. It is however common
to first engage in a period of postdoctoral training. The postdoctoral positions does not give
automatic access to a permanent position (Goede et al., 2014). It is a period of gaining research
experience and not necessarily arequirement foracquiringapermanent position (van Balen and van
den Besselaar 2007). As seen in Figure 1, the number of postdoctoral researchers has increased
substantially overthe years, whilethe numberin permanent positions has remained relatively stable.
Only thirty percent of temporary researchers eventually acquires a permanent positions, while the
remaining seventy percentleavesthe academic world (Arensbergen, Hessels, & Meulen, 2013; Van
Balen, 2010). To deal with this uncertainty, new funding policies were introduced, such as the Veni-
Vidi-Vici Grant and the Tenure track appointment.

Aftera period of postdoctoral training, only a small percentage of temporary researchers acquires a
permanentfaculty position, either as assistant, associate or professor (Goede et al., 2014; Huisman



et al.,2002). The limited availability of faculty positions is partly based on the hierarchical and static
structure of the academic career system (De-Jonge-Akademie, 2010). Since 1984, the academic
career policies are based on the formation principle, that structures the in- and outflow of
permanentresearchers whichis based on the static number of full time equivalents (FTEs). Before,
policy makers thought it was too easy to attain a high position in academia. To reduce costs and
manage the staffing structure the formation principle was introduced. While it has influenced the
staffing structures an unwanted situation has emerged. The academicsystem seems to be clogged as
staff often remains in one permanent position. The perspectives of young talented staff is
deteriorating as there is not enough space for most of them to become a permanent member of
academia.

PUBLIC RESEARCH FUNDING

Currently the Dutch government contributes 2.7 billion annually in support of researchers within
public and private research organisations (IBO, 2014; OCW, 2014). Primary funding is given to
universities and research institutes, international research organisation, high prioritised research and
individual research programs (Versleijen & van der Meulen, 2007). The Dutch Organisation of
ScientificResearch (NWO) provides secondary funding with a budget of 700 million euro annually for
international top sector research, emerging research areas and top talent (Rathenau-Institute,
2015a). The NWO has been created as a supporting organisation of specificsocietal research. Aspects
that are now considered for the distribution of funding are quality competence, social relevance and
macro-expediency (AWT, 1999). Tertiary fundingis given by the European Union, other publicparties
and private organisations in support of excellent high potential researchers. Figure 2 shows the
different funding types until 2019, based on fair values and their estimates. Note that tertiary
fundingincludes funding from private organisations. This graph shows that while the total amount of
publicresearch funding has remained stable, institutional funding has decreased while competitive
funding has increased, showing a focus shift.
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Science inthe Netherlandsis divided into Fundamental Research (FR) and Top Sector Research (TSR).
While fundamental research is highly autonomous the Dutch government does promote competition
and cooperation among researchers. For fundamental research the budget will increase annually
from 75 million euro in 2014 to 150 million in 2017 (OCW, 2014). Top sector research is specific
research in which companies, universities and the government work together. NWO provides an
additional 275 million euro a year for specific research that seems beneficial for economic growth.
Aside from primary and secondary funding there is 1.3 billion euro available for more specific
research by companies, governmental organisations, foundations, foreign funds and individuals.

With the increasing autonomy of universities the government is not able to regulate the research
body directly. Because of governmental support, policy makers would like to incentivise research
that is promising from a societal perspective. Through project and contract funding, partly
distributed by the NWO, the government has an instrument to influence the behaviour of
researchers. The organisation of the publicresearch funding, however, has also become increasingly
complex overtheyears. Itis notalways knownhow changesin funding regimes could influence the
workforce development. Itisthereforeimportantto shed light onthe complex relationship that exist
between the workforce ecosystem and research funding, as changes within a complex environment
could cause noteworthy and unintended effects.

QUALITY AND EXCELLENCE

The quality outlook of universities isto a great extent connected with the expertise of the academic
workforce. With the emergence of the policy measure ‘management for excellence’, universities
started to focus on talentand talent policy. Excellence is mainly concerned with scientific expertise
and productivity but also with social skills and values such as motivation, perseverance and showing
initiative (Arensbergen etal., 2013). Because management for excellence is becoming a key issue in
higher education several programs and policy initiatives are currently implemented such as the
Tenure Track programme, scholarships for excellent PhD candidates and programs for promising
female scientists. However the scouting process is often carried out on an ad hoc basis without the
notion of excellence (Arensbergen etal., 2013; van Balen, van Arensbergen, van der Weijden, & van
den Besselaar, 2012). Programs are mainly focussed on applying for external grants and funding. This
deliberate change of funding policy, from an internal institutional approach to a project oriented
approach had its effects on workforce development and time management. Securing these grants
has become increasingly important in the promotion process. Moreover, scouting for excellence
often happensaccordingto the formation principle. Only when there is place available, room will be
made (Van Balen, 2010). Therefore universities often wait for scientists to attain a personal
scholarship or application from outside before it begins to award researchers with a promotion or
appointment. Coupled with the uncertainty and inflexibly of the academic career, excellent
researchers are leaving academiafor business orindustry or move abroad (Arensbergen et al., 2013).
To prevent this ’knowledge drain’, policies for individual researchers are needed.

SCIENCE SYSTEM POLICIES

The governmental goal for the science system is the development of a competitive international
research environment challenging researchers to conduct high performance research which is
satisfactory from a societal perspective (OCW, 2014). In the autumn of 2014 the ministry of OCW



presented theirvision on how this goal would be accomplished. Maintaining a competitive position
in Europe by dealing with globalism, to share knowledge and funding by creating public-private
partnerships and to deal with the increasing publication pressure. However, there are many
indicatorsthatshow that these goals will not be reached. First, the Rathenau Institute expects that
the total funding for research and development will decrease in the Netherlands in comparison to
other countries (Arensbergen et al., 2013). In such an environment potential and excellent PhD
candidatesand otherresearchers could go or remain abroad. Second, there is an increasing demand
for societal research which will change the scientific landscape as scientists are more bound to
specificresearch objectives. Third, the Rathenau institute expects that this will lead to unexpected
behaviourinthe workforce development in academia. With the growing international competition
researchers feel the pressure to publish while they also have to deal with time issues such as
management, valorisation and funding (Goede et al., 2014).

This governmental vision on the science system intents to create policies that improve funding
regimes and contractual arrangements (OCW, 2014):
e Increasing financial stability
Less focus on external performanceindicators that define funding such as PhD-graduates and
studentnumbersand the increased focus on long-term financial structures within research
organisations.
e Increasing workforce stability
More career opportunities for temporary research staff by capping the number of
succeeding contract to prevent temporary contract accumulation and the possibility to be
promoted towards an associate position.
e Increasing research performance
Settingthe right policy incentives with the focus on competitive research funding to induce
more societal and qualitative research output and maintaining prospective professor staff.

However it is not known how these changing funding regimes and career policies will effect
workforce over time. In light of unintuitive consequences that changing policies can have it is
therefore necessary to study the workforce development over time. It is not possible to test these
policiesinareal time manner. Forthis purpose a model could be created that looks at the impact of
proposed policies on the workforce over time (Forrester, 1992; Kwakkel & Pruyt, 2013; Sterman,
2000)

1.2 PROBLEM ARTICULATION
Dutch society wants to be among the leaders in research and education and develop a knowledge
based society (De-Jonge-Akademie, 2010; OCW, 2014; van Dalen, Mehmood, & Verstraten, 2012;
Versleijen & van der Meulen, 2007). Over the last years the Royal Netherlands Academy of Arts and
Sciences (KNAW), the Association of Universitiesinthe Netherlands (VSNU), the Dutch Organisation
of Scientific Research (NWO) and the Ministry of Education, Culture and Science have specifically
focussed on the career development in the academic world, as human capital is among the most
important factors for providing quality inresearch and development. However, studies suggest that
there are some bottlenecks in the distribution of academic staff and the academic career
development that could hamper this goal (De-Jonge-Akademie, 2010; van Arensbergen & van den



Besselaar, 2012; Van Balen, 2010; van den Brink, Fruytier, & Thunnissen, 2013). One of the main
problems is the inflexibility in human resource management which is based on the formation
principle.

Staffing policies are based on this principle which is relatively inflexible to change. Promoting
talentedresearchersis only possible when FTEs for the same research group are available. This has
several consequences for the promotion of academic staff.

e Many postdocs aspire to become permanent member of academia. In a postdocposition, the
researchercan increase its expertise, its experience and focus solely on its research task in
becomingeligible forapermanent position. However, postdocs sometimes accumulate many
contracts, that are accepted due to limited promotion space in permanent positions. Many
of these postdocs leave university, often over the age of 35, with qualifications that are not
useful outside academic organisations (De-Jonge-Akademie, 2010; Navid Ghaffarzadegan,
Hawley, Larson, & Xue, 2014).

e The age distribution of permanent staff in academiais static. The average age of an associate
is42 and of a professoris 46, with low variance. The system seems to prefer age -experience
over talent (Goede et al., 2014).

The formation principle creates a high degree of external movement in the lower ranks and limited
external movementin the higherranks of the academic career system. On average, only 20 per cent
acquires a permanent position while 55 percent would like to remain in the academic world (Goede
etal., 2014).

The career prospects of young researchers within universities are limited. However the outflow of
PhDs & postdocs is often hampered by theirill-preparation for the non-academic world, their age,
and forsome fields their over-qualification (pile up of qualifications). The formation principle depicts
that only a certainamount of places will become available when otherresearchers leave. Moreover,
talentselection often happens onan ad hoc basis, making potential researchers discouraged due to
temporary contract accumulation. This could hamper the acquisition of qualified staff.

Most qualified staff would like to attain anindependent research portfolio but are often obstructed
by roomin the higherranks of the academiccareer. Due to many temporary contracts, future career
prospectsandthe hierarchically build career model the universities could earn a bad reputation on
the (inter)national job market (Navid Ghaffarzadegan et al., 2014).

In their vision of policy for science, the Ministry of OCW wants to increase the potential of the
academic career by creating policies supporting the following goals (OCW, 2014):

e Robustinflow, flow and outflow of academic staff in academic research positions

e Well balanced distribution of academic staff over different positions

e Flexibility in structure and financing

VSNU and the Rathenau Institute support this vision as they think a well-balanced distribution of
academic staff across the academic career system is the criterion for success in research and
development (Rathenau-Institute, 2015a). The structure of the academiccareer model (organisation)
and HR policies should accommodate the flow of talented researchers through the systems as it
drives innovation and performance.



Many policy measures have been proposed and implemented over the years to support these goals
such as the AiO scheme, the Tenure Track scheme, contractual agreements and financial incentives
such as European Grants and the ‘Vernieuwingsimpuls’. The Rathenau institute conducted studies
both qualitatively and statistically to analyse these policies. These studies remain primarily static
representations of the careersystem. Not muchis known about the impact of these policy measures
on the workforce development over time. It is essential understand the holism of the academic
career system and the impacts of policies.

The structure of the academicworkforce, the supportitreceives from governmentandthe impact of
academicresearch on society and the scientificand economic landscape urge improved knowledge
of the academic career system. By providing an understanding of the dynamical characteristics and
complexities that are underlying to the behaviour of the workforce development, policy makers
could be assisted in understanding the effects of changing policy measures. This understanding is
also essential to enhance the distribution of researchers and subsequently the effectiveness of public
spending on research and development.

1.3 RESEARCH OBJECTIVE

In light of the unintuitive consequences that policies can bring, the purpose of this study is to
examine how careerand funding policies influence the development of the academicworkforce over
time. This study will further emphasize on how the organisational career structure and staffing
factors can influence research output in academic research organisations.

The policy makers within the government perceive the science system as linear and information
symmetrical. From their normative perspective onthe science system they create policies that have
theintended impact. However, the science systemis acomplex collection of partially connected sub-
systemsthatinteractand are intrinsically interwoven (Rathenau-Institute, 2015a). For such systems
static or implicit mental models are inherently deficient as they do not incorporate causality and
interaction (Kwakkel & Pruyt, 2013). Complex concepts such as interacting behaviour, information
delays, accumulations and non-linearities have to be taken into account if policy makers want to
make sense of theirenacted policies. However, studying these complex linkages at various parts of
the system can be a time-consuming, costly and, in some cases, practically impossible task. Due to
these constraints, modelling the system and simulating the problem field is the only realistic way to
test the system on policy behaviour (Borshchev & Filippov, 2004; Sterman, 2000). To model this
system, different methods can be used. Based on the problem articulation a modelling method is
needed that canincorporate the different concepts of the science system, its inherent complexities,
its continues interaction and the impact of policy measures over time from a strategic level.

To examine the effects of policies on the workforce development in academia some research
variables have to be identified. The different academic positions (PhD candidates, postdocs,
assistants, associates, professors) in the science system will be studies and analysed over time. A
distinction will be made between temporary and permanent positions and theirinfluence on the
research output (research publications). The flow of staff through the system will be analysed based
on time and refresh rate (staff turnover, residence time in academia). Finally the study will look at
the amount of time a researcher is conducting research (research productivity).



The normative perspective of the government on the workforce development is adopted for this
study. First, because it adheres to the stakeholders interests and second, because the normative
perception of actors differs across the organisational layers of the science system. As such, not all
actors within the science system would agree that the changing balance between temporary and
permanent staff and the expected changing balancein funding regimes is necessarily a problem. In a
system with enough prospective candidates this is the case. However, in an environment without
enough qualified staff, the acquisition and preservation of staff is intrinsically important.

1.4 RESEARCH SIGNIFICANCE

The findings of this study will redound to the benefit of society considering that scientific research
and technological advancement plays animportant role in economic growth and the modernisation
of our welfare state. The greater demand for research that benefits society justifies the need to
understand the implications of governmental policies on the workforce development and research
outputinacademia. The model, which will be created for this study, will be used to understand the
underlying behaviour of the workforce development system in the Netherlands. With this
understanding comes the ability to simulate policy experiments and perceive the effects on the
system over time. Furthermore, it will advance literature covering the science system in the
Netherlands and model based studies covering promotion chains and workforce development in
academia. Forthe researcher, it will help to uncover critical areas of the science system that are yet
to be explored. Thus, a new perspective on the impacts of policies on the science system may be
found.

1.5 RESEARCH QUESTIONS

To understand and examine the effects of policies on the academicworkforce inthe Netherlands the
following main research question is formulated:

“How can career and funding policies affect the development of the academic workforce in the
Netherlands over time?”’

In order to address the main research question, sub questions have been formulated on which the
thesis will be structured:

Theory
1. What are the main mechanismsinthe science systemthat influence the development of the
academic workforce in the Netherlands?
Method
2. Which method can be used to adequately analyse and understand the complexities of the
academic workforce development in the Netherlands?
Analysis
3. What relationships exist between career and funding policies and the academic workforce
development and research output in the Netherlands?
4. What are the effects of proposed policy measures on the workforce development and output
in academia?



5. How can this study contribute to the knowledge of the academicworkforce development, be
used in a policy-making process and justify the need for future research?

1.6 POINT OF DEPARTURE

This study focuses onthe possible causal relation between science system policies and the effect on
the workforce and output of researchers (Frglich, 2006; Hicks, 2012; Srikanthan & Dalrymple, 2007;
van Dalenetal., 2012). This conceptisshownin Figure 3. It is expected that the positioning of public
research fundinginfluences the strategy of research organisations. Funding enables themtoincrease
the workforce, train graduates and spend time on societal research. Based on the output and
performance on the workforce, the government can decide to adjust the amount of publicfunding or
change public funding mechanisms. While the causal relation is contested it is also supported by
literature (Rathenau-Institute, 2015a). This causal feedback system represents goal seeking
behaviour. Because these relations cannot be modelled with traditional methods, the System
Dynamics Method, whichincorporates these non-linearities and the self-driven behaviour, is adopted
to simulate the effects of changing policies on the workforce development and research output over
time.

Public Funding Mechanismes:

eHistorical criteria
eInputbased
ePerformance based
*Purpose based
eDemanddriven

Organisational Outcomes: Organisational Strategies

ePublications eGraduate training
eResearchculture sWorkforce development
e|nnovations eResearch collaboration
eNew Funding eCommunityoutrearch
eEnrollmentissues

Figure 3 The mechanisms, strategies and outcomes of the Public Funding System, adapted from (Oyo, Williams, &
Barendsen, 2008)

1.7 THEORETICAL FRAMEWORK

The government creates policies for the science system to incentivise the behaviour of researchers:
creating research in the best interest of society. From their normative perspective on the science
system, as they assume that the system is static and information symmetrical, they create policies
with the desired impact. The Agent-Principal Problemis used to clarify why this is often not the case
incomplex social systems. In combination with notions of policy making in complex environments,
several governmental incentives are proposed that could have a desired policy impact.



The System Dynamics Method, whichis grounded in dynamical systems theory, deals with long-term
gualitative behaviour of dynamical systems in a mathematical way, is adopted as the main tool for
analysing the science system from a strategic perspective. The focus is on the behaviour of the
system overtime in comparisonto precise forecasting. Itisalso grounded in complexity theory, as it
a method trying to understand the behaviour of a given system through its structure. The science
system organisation is a complex network of interactions in which the system is self-driven.
Therefore implicit mentalmodels, linear or statistic models are not able to analyse these systems and
validate enacted policies.

1.8 CONCEPTUAL FRAMEWORK

The conceptual overview of this thesis work is shown in Figure 4. The system diagram, which is
adopted from (Enserink et al., 2010) is used to create the structure needed to address the research
qguestions. The basic system elements are all represented: the means of the policy maker, the
external factors which cannot be changed and the influences of these factors on the system and
relevant criteria. The System Dynamics method is adopted to incorporate the different factors
identified in the system diagram. Concepts and data retrieved from Rathenau institute, VSNU,
KNAW, OCW and otheronline sources are combined and replicated to simulate the behaviour of the
system over time.

External Factors

Chapter 1: Research Scope
Chapter 7: Model Testing
Chapter 9: Discussion

Means Criteria

Chapter 3: Policy Instruments System Chapter 4: Research Performance
Academic Workforce Chapter 8: Policy Experiments
Development

Chapter 2: Real-World Concepts
Chapter 6: Model Concepts

Figure 4: System Diagram, adapted from (Enserink et al., 2010)

First, the system structure, whichis limited by the system demarcation, willbe further analysed. Top
down regulationis nearlyimpossiblein complex and interwoven systems. For such systems, mental
models do not suffice. This calls for a method that can include these concepts. System Dynamics is
chosen as the modelling method. Then the conceptualisation within the virtual model environment
takes place. Based on the conceptualisation and model testing, several model outcomes are
presented. To increase robustness, uncertainty analysis will be performed that also looks at other
system perspectives.

The knowledge gap between the desired system state and the actual situation can be defined as not
knowing how careerand funding policies influence the academic workforce in the Netherlands over
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time. The objective isto clarify the academicworkforce development and create a tool which can be
used in a policy-making process. To test the model outcomes, key performance indicators are
identified. The government has several mean through which it can influence the system, improving
the overall conditions in accordance with the stakeholder’s objectives. There are also several
external factors, that cannot be influenced that. These limitations have to be identified and analysed
in order to see the influence on the outcomes.

1.9 RESEARCH DEMARCATION

The assumptions, limitations and system scope create the boundaries on which the study will be
structured. Not all real-world concepts can be included when analysing a certain problem within a
model environment. The most relevant concepts are included for the purpose of answering the
research question. Section 6.1 will focus on the implications of the demarcation on the solution
space of this research.

ASSUMPTIONS

To answerthe research question, amodel will be created that looks at the workforce developmentin
the Netherlands from an aggregated perspective. It is assumed that amalgamation of these
universities and professionals is possible when analysing the system from a strategic perspective
(Rathenau-Institute, 2015a). It is further assumed that there is a causal relationship between funding,
workforce development and research output as described in Section 1.6.

LIMITATIONS

In a model environment all relevant concepts and data that exist in the academic workforce
development system in the Netherlands are used. It is however possible that there are some data
limitations, making the modelless usable. The modelboundary, which willbe identified in Chapter 6
will further limit the model.

SCOPE

This study focuses on the academicworkforce developmentinthe period 1999-2029 from enrolment
into the PhD program until retirement, looking at different steps along the way and key decision
points in academic careers. The analysis will focus on how the different variables interact,
correspondto each otherand give rise to complex dynamicbehaviour. It will also focus on providing
a tool to assess policy measures, trying to assist in a policy-making process (Arensbergen et al.,
2013). Additionally, this study focuses on universities alone as they are the core of the research and
developmentsysteminthe Netherlands. Off course there are other relevant institutes that are part
of thisdomain, such as other research institutes, HBOs and research companies. However, this will
fall outside of the research scope. The two other obligations of researchers, valorisation and
education will also fall outside of the research scope.

The size of the model is initially kept small by focussing on the concepts to ensure that results are
easily communicated to policy makers. This will, however, have an impact on the usability of the
model. Funding mechanisms and contract agreements will be included. The notion of excellence and
research quality will fall outside the model environment.
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It is expectedthatthe results of this study are generalizable in other countries with similar funding
and policy regimes. Itisthe responsibility of the researcher to initially compare the science system
concepts before it can make any supra-national assumptions.

1.10 RESEARCH STRUCTURE

The structure of thisthesisisshownin Figure 5. It is structured around four sections: the first section
provides the theory needed to understand the inherent complexities within the science system.
Based on these complexities a modelling method is chosen and used in the second section, as the
systemis too complex to analyse with implicit mental or statistical models. In the third section the
system will be analysed and several policy experiments are conducted. In section four the study
results will be concluded and recommendations will be made.

T—T

L

|
=

The full outline of this study is as follows: chapter 2shows the workforce developmentin the science

Chapter 2 Chapter 3 Chapter 5 Chapter 7 Chapter 9

Academic Science Modelling Model Conclude,
Research System Method Testing Discuss &
Careers Concepts Recommend

Figure 5: Thesis Outline

system. Chapter 3 shows the different concepts that are in place to explain the science system.
Chapter4 exploresthe inherent system complexities. Based on this theory, a model perspective is
needed to analyse the given system. Chapter 5 presents the research methodology, previous
researchinthe fieldandits limitations. Chapter 6, shows the conceptualisation and specification of
the model. The model will be verificated and validated in chapter 7. After the model design, results
of the study will be shown and analysedin Chapter 8. In Chapter9 this thesiswork will be concluded
by presenting the model and theory results and discussing the limitations and contributions.
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2. ACADEMIC RESEARCH CAREERS

The aim of this chapteristo describe the academicworkforce development in the Netherlands from
a historical perspective. The focus will be on the main trends in the inflow and throughput of
academic staff within the formalised academic system which has gained increasing attention by
policy makersover the years. Section 2.1 will describe the development of academic research staff
between 1999 and 2014. The nextsection, 2.2, will show the mobility between different stages based
on a study by (Goede et al., 2014). Section 2.3 will explore the problems of the academic research
careers and possible solutions. Section 2.4 will show two organisational models from based on
different science system perspectives. Section 2.5 will reflect on this chapter and provides the
conclusions that are needed to analyse policies within the model environment.

2.1 THE DEVELOPMENT OF ACADEMIC RESEARCH STAFF

The University Job Classification System, UFO, keeps track of the different positions in the academic
research career which is based on a collective labour agreement. Table 1 shows the different
academic positions at universities with the corresponding staff numbers, as per 31 December, 2014.
Five main positions can be distinguished: PhD candidate, Other Academic Staff (OAS), assistant
professor, associate professor and full professor. The positions of a postdoc is not registered as a
separate entity but falls within the OAS position (van Balen & van den Besselaar, 2007). Data
concerning academic research staff is maintained by the VSNU and published as scientific staff
information (WOPI)

Academic Staff [fte]

Total Permanent Temporary
Professor* 2.648 2515 132
Associate 2224 2157 67
Assistant 4.830 3.383 1449
0AS
-Teacher 2.539 1219 1320
-Researcher/Postdoc 4005 - 4005
-Other 435 37 398
PhD** 8.714 - 8714
Total Academic Staff 25 394 9.309 16.085

*Does notinclude endowed professors
**Does notinclude non-university employed PhD candidates
Table 1: Academic Staff in 2014 in fte in the Netherlands per type of contract

In the Netherlands, over 30,000 individuals are employed by universities in academic positions,
which equals 25,394 full time equivalents. At the bottom there are 9.000 PhD candidates and at the
top over 2600 full professors. Within theseranks almost all appointments are on a permanent basis,
while PhDs and postdocs often work on a temporary basis (Goede et al., 2014)

The historical data that is used for the time period under study, 1999-2014, is adopted from VSNU.
The numbers found in the dataset between 1999-2004 and 2005-2015 are for a number of reasons
not completely comparable. Most academic staff working in medical institutions and university
faculties for medicine are not included in the 2005-2015 dataset. In total this would add up to 2,500
fte in 2004 (van Balen & van den Besselaar, 2007). Correcting this number would increase the
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number of academic staff with 10 per cent in 2005. Second, some universities have adopted a PhD
scholarship policyin late 1998. While this policy measure has beenreversed, itis unknown how many
PhD candidates on a scholarship have remained outside the WOPI-publications. Third, the
employment of new staff thatis paid by NWO has been transferred to universities. Fourth, the OAS
function has been split up in academic staff focussing on research, education and others. Table 2
shows an academic staff overview where the HOOP area Health, which is dentistry, veterinary
medicine, and medicine, is omitted from the data set for validation and comparative reasons.

Academic Staff [fte] 1999 2005 2005 relative to 2014 2014 Relative
1999 in % to 2005 in %
Professor 2013 2165 +5.0 2529 +16
Associate 1972 1909 -33 2097 +9.0
Assistant 4539 3909 -16 4539 +14
0AS (Research) 5024 5167 -35 6515 +26
PhD 3417 6521 +48 8160 +20
Total Academic Staff* 14814 10713 +14 21073 +18

*Does notinclude OAS staff that have an educational task
Table 2: Number of Academic Staff between 1999 and 2014

Based on the above mentioned data limitations a comparison can be made between the different
stages of the academiccareerinthe period 1999-2014 withthe correction for the HOOP area Health.
In 2005, the number of professors had increased with 5 per cent in comparison to 1999, the number
of associates had decreased with 3.3 per cent and the number of assistants had decreased more
drastically, with 16 per cent. If these numbers are not corrected with the HOOP area Health, the
decrease is more stringent (van Balen & van den Besselaar, 2007). In 2014 staff sizes have increased
over the whole range in comparison with 2005. Only associate professors did not grow in the same
manner.

Academic Staff per Position
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Figure 6: Academic Staff and Positions
The emphasis on contract type has also changed between 1999 and 2014, whichis shownin figure 21

and 2.2. For permanent positions, there has been a gradual change over time. The number of
associate professors has decreased while assistant- and full professors have grown over time. The
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number of temporary research staff (TRS), whichis a significant part of the OAS, and PhD candidates
have increased overthe years, with the sharpestincrease for PhD-candidates. Part of this growth is
caused by a transfer in contract structure between NWO and the universities.

Temporary & Permanent Staff
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Figure 7: Temporary Staff and Permanent Staff

The proportion of temporary staff and permanent research staff also changed overthe years, as seen
in figure 2.2. Where in 1999 the majority of academic staff conducted research at universities on a
permanent basis, this changed towards a more temporary contract based system.

2.2 MOBILITY OF ACADEMIC RESEARCH STAFF

Advancing mobility between positions is considered as one of the ways to create room for the new
talented academicstaff (De-Jonge-Akademie, 2010). In the Netherlands, mobility between academic
positions is based on a hierarchical structure (Goede et al., 2014). Appendix 1 shows a static
overview of the mobility of academic staff in the time frame 2003-2011. The mobility of academic
staff seems to suggest that it is a dynamic and decisively open system with a strong selective
character (Goede etal., 2014). Especiallyinthe lower positions of the academic career there is a lot
of movement. The majority of these positions find work outside of Dutch universities suggesting that
thereislimited space forapermanent positionsin academiawhich corresponds with figure 2.2. One
of the reasons for this the growing emphasis on temporary staffisthe interestfor PhD candidates by
policy makers and academicinstitutions. A knowledge economyis notonlyin need fora professional
workforce but also of specific knowledge coming from PhD-graduates.

Academic research positions all have a specificrole in the promotion chain. The postdoc position,
which falls within the OAS category based on the UFO-classification, is the link between the PhD-
program and a more independent research position at the university. Within the OAS category a
distinction is made between staff focussing on education, research or secondary tasks. OAS contract
are becoming increasingly shorter: as of 2010 every year one third of all OAS staff changes position
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(Goede etal., 2014). The largest part of this outflow, which are mostly foreign researchers, and PHD
graduates, finds work outside academia. The OAS position is the main gateway to more permanent
faculty positions. However, only a small percentage successfully navigates the hurdles of the
academic world and acquires a permanent position (De-Jonge-Akademie, 2010; van Balen et al.,
2012). The nextstage inthe academiccareeris the one of the independent researcher; the assistant
professor. Afterthe assistant professorthe associate is the next stage inthe academic career, which
isalso the most closed, only asmall percentage moves every year (Goede et al., 2014). The function
of the professor is the highest rank in the academic career ladder and the face of the research
section.

2.3 EXPLORING THE ISSUES

Funding, which is analysed in more detail in chapter 3, has a major impact on the promotion of
academic staff (De-Jonge-Akademie, 2010; Goede et al., 2014; Hoffius & Surachno, 2006). In the
perception of many, institutional funding, which is the normative funding regime is deteriorating in
comparison to national and international competitive funding(Van Steen, 2012). In 2014, almost all
PhD-candidates were financed by the funds obtained through competition (Rathenau-Institute,
2015a). The decrease of institutional funding willlead to fewer permanent positionsin academia and
the deterioration of the infrastructure (van Balen & van den Besselaar, 2007). The infrastructure,
however, cannot be managed by competitive project funding, which focusses on staff instead of
infrastructure. To maintain the workforce, the acquisition of external funds becomes increasingly
important. Because this will naturally lead to more financial uncertainty in research organisations,
there will be an emphasis on temporary staff. While this could be socially acceptable for some, it s
detrimental forstable research careers. However, institutional funding is also dependent on a wide
variety of indicators as analysed in chapter 3. Because these indicators change on a frequent basis it
isincreasingly difficult forindividual research organisations to solely rely on lump sum funding (van
Dalen et al., 2012).

2.4 NORMATIVE PERCEPTIONS

The academic promotion system in the Netherlands and the influence of funding seem to be the
most significant bottlenecks forresearchers following the academic career path. PhD candidates who
acquire a position work in service of the university during their research. Because there is no
significant understanding of the limited development potential in academia, and the research
institutions do not actively support the non-academic career potential during a PhD training, the
image arises that itis atenured position for life (Van Balen, 2010; van Balen et al., 2012). Together
with the increasing uncertainty in obtaining research funds, research organisations will increasingly
rely on temporary staff tofill their vacancies. Talented individuals could find it undesirable to choose
for an academic career in the Netherlands as the career path is highly uncertain.

From the perspective of the individual researcher this is highly undesirable. The researcher is
uncertain about his/her future career prospects, chooses to stay in academia by accepting many
temporary positionsinthe hope of acquiringa much desired faculty positions, but leaves after some
years due to the inaccessible career system (Larson, Ghaffarzadegan, & Xue, 2013). With a limited
availability of talented researchers this seems undesirable. However, in a system where there is an
abundance of talented staff perceptions could be different. From the perspective of a professor this
could be a desirable situation: there isalarge pool of potential and qualified researchers where the
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professor could scout for promising new staff. The policy maker wants to create policies that induce
societal research, without interfering with contractual agreements. As such, the normative
perception of the workforce development is not homogeneous across all actors within the
organisational layers as seen in the area of interest in Table 3 (Rathenau-Institute, 2015a). From a
aggregated system perspective, with enough supply of talented staff, a highly adaptive system is
desired. Thisisasystem where the demand is quickly satisfied by the supply. From adetailed system
perspective, also the interests of the individual researcher should be considered.

This study perceives the focus on temporary research staff and competitive funding regimes as
undesirable from a long-term perspective. The science system should accommodate the most
talentedresearchers from different backgrounds and disciplines. There should be enough space for
such a researchertoindependently set out his/her own research portfolio, unconstrained by the lack
of funding or organisational bottlenecks. In an environment where the researchers feels the
confidence to do fundamental research, which is not always beneficial in the short-term, new
paradigms could emerge.

2.5 ORGANISATIONAL MODELS

Some faculties have incorporated the so called tenure track appointments to recruit highly qualified
research staff. There are two types of tenure track appointments in the Netherlands. One is the
normative type, where assistants get the opportunity to grow towards a full professorship
appointmentatthe faculty. The new tenure track is to attract and recruit highly qualified staff. One
of the most important parts of the new tenure track are the non-hierarchical characteristics: the
tenure trackers can have their own independent research portfolio, which has its resemblances to
the US academic staff system.

hoogleraar hoogleraar
uhd uhd
ud ud

Figure 8: The US and the Dutch organisational system (van Balen & van den Besselaar, 2007)

The aim of the Dutch hierarchical system is to have a layered structure of academic staff, in which
assistant and associates work according to the leadership and programme of the professor. The
research group is seen as a relevant unit, which is part of a greater research field of the institute
which origin can be foundinthe Dutch culture of collectively (van Balen & van den Besselaar, 2007).
The implicationis thatthe Dutch academicsystem does not allow all staff to become afull professor.
The image of the organisational structure can be compared with a hat as seen in Figure 8. In
comparison, the US system aims for tenured staff with many professors, which corresponds to a
vase. The two systems are based on different thoughts. The US system focusses on the mobilisation
of individual talent, while the Dutch system focusses on the mobilisation of research groups. The
choice for one of the who models is of essential importance for the future of the Dutch academic
system.
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2.6 SUMMARY

The performance of the science system is mainly determined by researchers within the system and
theirresearch performance. The organisations that educate, recruit, select and regulate the research
careersare of critical importance to the this performance. Based on the analysis of literature and the
available datathe issues have been mapped, which focuses on the inflow throughput and outflow of
academic staff in the Netherlands. The results show that the academic career system is decisively
openand dynamicintemporary positions and closed and static in permanent positions. While | arge
numbers of temporary and permanent members of academia find their way through the academic
career, only a small percentage acquires a permanent position in academia. It is expected that the
duality will increase as the number of temporary appointments is increasing in comparison to the
permanentappointments, makingitincreasinglyunlikely foryoung researchers to acquire a tenured
faculty position. Also the number of associate professorsis decreasing in comparison to the number
of assistants and full professors which suggests that the importance of the three function is changing.
The normative perception onthese changes, and the underlying problems that could emerge, are not
shared by all the actors within the science domain. It is therefore imperative the understand what
the differences of perceptions are, how that translates to policies and how these policies affect the
workforce developmentin academia. The next chapter will elaborate on the different actors within
the science system, the instruments the policy makeradopts to regulate the science system and the
influences of these instruments on the workforce and output in academia.
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3. SCIENCE SYSTEM CONCEPTS

The aim of this chapteris to introduce the key concepts that are needed to understand the science
system in the Netherlands. The focus will be on the actors that play a role in different institutional
layers, the instruments they use to regulate and steerthe science system such as funding and policy
measuresand the outcomes of the science system such as the development of know ledge and the
academicworkforce (Dalderup, 2000; Verbree, Horlings, Groenewegen, Van der Weijden, & van den
Besselaar, 2015; Versleijen & van der Meulen, 2007). Section 3.1 will elaborate on the key science
system concepts. Section 3.2 will focus on the actors in the different institutional layers and their
perspectives on the science system. Then, in section 3.3, the instruments that actors can use to
influencethe science system will be shown, with a special section, 3.4, dedicated to public research
funding as a policy instrument. Then, in section 3.6 the focus will be on system outputs, such as
knowledge and workforce development.

3.1 THE SCIENCE SYSTEM

Research and development will have a continued impact on our society, as it influences the way
people think, act and live. Many individuals who create knowledge do so in universities, public
research organisations (PSO) or large industrial companies. Research is, however, not necessarily
society driven as there are many factors that influence performance of researchers, such as the
reputation of the institutes, the acquisition of external funds or even personal interests (van Dalen et
al., 2012). The government wants to set the right incentives to enable researchers to conduct
researchinthe bestinterestof society. Therefore, the government has to adopt policy instruments
that structure the public science system and regulate individual researchers.

The governmental goal with the science system is the development of a competitive international
research environment that challenges researchers in conducting high performance research that is
satisfactory from a societal perspective (OCW, 2014). This goal is achieved by the right distribution of
funds, incentives and directives, what makes science policy, condition based policy. (Dijk, Frankfort,
Horn, & Vos, 1993; Hicks, 2012). However, the government and the advisory boards that distribute
these funds are not able to judge and evaluate the research that they support. It is therefore
imperative to create policies that have the right impact on the workforce.

The definition of researchis an original investigation undertaken in orderto contribute to knowledge
and understanding (OCW, 2014). The research can however come in a wide range of output: public
disseminations, presentations, performances or exhibitions. Because research can both be
guantifiable and non-quantifiable it is difficult for the policy maker to direct the workforce.

3.2 ACTORS IN THE SCIENCE SYSTEM
This paragraph gives an overview of the relevant actorsinthe science systeminthe Netherlands. The
focus will be onthe different actors within the organisationallayers, their perception on the science
system corresponding to the perceived problem and the means that are available to them. This
section follows the 4-layer framework as created by (Dijk et al., 1993) and (Hazeu, 1986):

20



e The Operational Layer
e The Financial Layer

e The Advisory Layer

e The Policy Layer

THE OPERATIONAL LAYER

In the Netherlands, there are around 100,000 individuals that conduct research, on which, on
average 50 per cent works at universities or research institutes and the other half in industry. The
Netherlands has 14 research universities, that educate around 250.000 students with the emphasises
on conductingacademicresearch (Goede et al., 2014). Another task of the university is valorisation
or aiding in society needs. These three tasks: academic- education, research and valorisation are
defined by law, but the accent has changed over the years. While researchers want to increase the
amount of time conducting research, society demands more focus on education as the number of
students has been increasing tremendously over the years (Chiong-Meza, 2012). Apart from
universities thereis awide range of university affiliated- and independent research institutes. Para-
university institutes (PUI) conduct research on specific fields, but have strong ties with one or more
universities. The present PUl’s are part of the NWO- or KNAW-organisation and conduct fundamental
research. Not-for-profit organizations conduct fundamental research without a profit objective but
are financially separate from universities and PUl’s.

THE FINANCIAL LAYER

There are many organisations that contribute financially to the science system in the Netherlands.
First there are the governmental departments that divide the institution funding. Then there are
organisations such as NWO and the European Union that contribute to competitive oriented project
funding. The main contributorsto publicresearch funding, both the institutional part and the project
part viaNWO, is the ministry of Education, Culture and Science. It also owns an additional budget for
the promotion of strategic research programs (Dijk et al., 1993).The ministry of Economic Affairs
supports more technological oriented research and the university of Wageningen. Other ministries
only marginally support science system in the Netherlands.

NWO isthe largest secondary fundingallocating organisation in the science system. It has the task to
incentivise the quality of research and to promote new developing fields. The main instrument is to
provide the right incentives through funding (van Dalen et al., 2012). The amount of funding is
supplied by the ministry of OCW, and then passed down to underlying foundations and institutions. It
however does not supply funding for infrastructure at universities; only for staff costs (Dijk et al.,
1993). Project funding, which is the second funding stream, is relatively small in comparison with
other countries. Section 3.4 will focus on funding as a policy instrument in more detail.

THE ADVISORY LAYER

Policy makers want to make sense of their created policies. However, organisations within the
science system consists of highly autonomous researchers who demand control of their work.
Mintzberg classifies universities as professional organisation where decision makingin decentralised.
Because the professional organisational structure is lacking control mechanisms policy makers find it
increasingly difficult to direct and regulate the workforce with policies. As top down regulation and
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centralised decision making does not work policy advisors with specificknowledge about the science
system are needed (de Boer et al., 2015; Mintzberg, 2006; van Dalen et al., 2012).

The KNAW is the oldest advisory board in the Netherlands. Its task is to advise the government in
science related fields, improve the cooperation of national and international researchers and
promote specific research. The Advisory Council for Science, Technology and Innovation (AWTI) is
anothergenericadvisory board that helps the government in making decision regarding the science
system. Apartfrom these maininstitutions there are many othersmall institutions, both general and
specific that help the government in decision and policy-making.

THE PoLICY LAYER

The governmental officials, who are responsible for the science system in the Netherlands, take
decisions that are submitted to the Second Chamber. The preparation of the decisions making is
delegated tothe ministry of OCWand the advisory board AWTI. Their task is to prepare the decision
making processinthe following fields: science policy and scientific research, technology policy and
innovation policy (Dijk et al., 1993).

ACTOR ENVIRONMENT

This section has addressed the variation and high-profile actors within the science system. Table 3
shows an overview of the actors, theirtasks and their area of interest. It is important to see that the
normative perception of the relevant actors who perceive the science system are not all aligned.
Therefore, a policy measure could not be beneficial to all.

Moreover, it is important to note that this perception of the actors within the system is only of
limited representation. Asthe science systemis growing, many policies and organisations change to
adhere to changing conditions. It also just shows the main players within the policy environment.
There are many more institutions that are notincluded. This paragraph is here to show the variation
of actors within the field, which emulates the difficulty to change certain conditions within the

system.
Level | Task Actor Area of Interest
. Fundamental Research, Good Career
1 Defined tasks PhD & OAS
Prospects
SituationalResponse Professors Research Output & Performance
Systematic tasks Research Group Reputation, Flexible Workforce
Comprehensive set oftasks withina
4 p . Faculty & Institute Reputation
certainfield
Research Organisation . .
5 Broad arrayof tasks . . Reputation, Good Education
(University, VSNU, TNO)
6 Strategy Development AdvisoryBoard (KNAW, AWT)  Societal Research (Good Education)
Articulation of norms andvaluesof . Societal Research, Good Career
7 . ] Government & Parliament .
society & policy development Prospect, Good Education

Table 3: Actors: their task, their place in the science system and their area of interest (Rathenau-Institute, 2015a), as
adapted from (Hazeu, 1986)
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3.3 PoLICY INSTRUMENTS IN THE SCIENCE SYSTEM

The identification of problems, such as knowledge gaps or the unbalanced use of research staff and
funding, and formulating the possible solution space is not sufficient to deal with problems in
complex professional organisations (Dijk et al., 1993; Thissen & Walker, 2013). The use of policy
instruments, that look at the underlying problems of the system, are needed to reach a desired
system state. This paragraph gives an overview of the relevant instruments needed to incentivise
behaviour within the science system.

Traditionally, governingthe science system happened according to regulation and legislation. Today
these instruments are still used, however, top down coordination no longerreachesits desired effect
(Auranen & Nieminen, 2010; Benner & Sandstrom, 2000). This emerges with the increasing
complexity of ourmodern environment, in which an actor, in this case the researcher, is exposed to
many policy incentives. Inan open, consensus driven society, subtlediplomaticcohesionis needed to
change the status quo (Dijk et al., 1993). In a policy arena with many actors in a variety of
organisations, its policy targets and instruments that are in place decide for the outcome of the
implementation process. The government can use three instruments to play a role science policies
(Dijk et al., 1993; Rathenau-Institute, 2015b):

e Financing
e Regulation & Legislation
e Consultation & Persuasion

Almost all researchers working within universities orinstitutes are dependent on third party funding.
The government provides research organisations with direct structural funding, which is used to
maintain the research infrastructure. Additionally, the government provides direct funding for
specific research run by research organisations and provides indirect funding via intermediary
organisations like NWO and the Netherlands Enterprise Agency.

One of the most important factors in which the government regulates the science system is the
remuneration and position of academic staff that work in service of the government. A number of
research organisations have direct links with the government, such as the KNAW, AWTI, NWO and
TNO, who have statutory duties under governmental legislation that define their duties,
responsibilities and activities. Science policies are in that sense human resources policies (van den
Brink et al., 2013). Universities are more independent and have no direct ties with the government.
Creating policies that incentivise their behaviour is therefore difficult, even more so in a system
where the operational layeris highly autonomous, independentin the exploration of research fields
and subject to a high degree of tacit knowledge.

Administrative consultations within the science systems is to establish a relationship between the
government and research organisations whichis based on dialogue and consultations. This happens
between various organisational layers: between the ministers and the advisory boards, between
administrators and civil servants and directly to organisational units. Consultation between the
relevant actors provides for the opportunities to make agreements, discuss problems or raise
important issues. Administrative persuasion provides a tool to propagate a thought or policy
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objective in such away that the target audience adopts this thought (Pavitt, 1987). The policy vision
on science, one of the main uses of persuasion, gives an overview of the actual situations from a
societal context which is often the start of the policy-making process. Another way to persuade
actors within the system is to set number of performance requirements: compare governmental
spending based on the GDP with other countries or setting the right input and output quotas on
research. However, while there can be a certain research output threshold that government want to
attainon a yearly basis, itis not always easy to define theseindicators. Qualitative indicators, such as
the amount of funding, workforce, and the number of publications are easy to make. Harder to
define is the quality of the used means.

Due to changingsocietal conditions and opinions, the role and purpose of science system policies are
often changing, that a policy instrument could become redundant and will lose its purpose.
Thereforeitisimportantto see whetherthe goals of the policies and policy instruments lead to the
desired behaviour and system objectives set out by the government. This thesis tries to link the
different pieces of instruments together; to explore and understand the influence of policy
measures, with the special emphasis on funding, on the development of the system and its output.

3.4 PUBLIC RESEARCH FUNDING

One main factor in the organisation of the science system is the size, form and organisation of
research funding (Benner & Sandstrém, 2000; van Dalen et al., 2012; Versleijen & van der Meulen,
2007). Because individual researchers and public research organisations base their behaviour in
research activities on the availability of funds, it is essential to know and understand the impact of
funding on the academic workforce. Four types of public funding allocation regimes can be
distinguishedinthe Netherlands asseen in Table 4. Chapter 4 will further focus on setting the right
incentives with public research funding

Level Type Form Organisation

1 Institutional Lump-Sum based on criteria Direct [ex-ante]

2 Project Competition Indirect [ex-ante]
3 Contract Competition [including private] Indirect [ex-post]
4 Medical Lump-Sum based on criteria Indirect [ex-ante]

Table 4: Funding: type, form and organisation

Direct governmental funding, which is the traditional form of funding, is determined based on certain
organisational indicators and supplied in lump-sum form. Indirect governmental funding, of which
project funding is allocated trough NWO and contract funding is allocated trough public or private
organisations such as the EU. The fourth type of funding is allocated through intermediary
organisationsto the HOOP area health. Most funding regimes work on an ex-ante basis why others
work on an ex-post basis. These four funding schemes are the backbone of the research fundingin
the Netherlands.

DEVELOPMENT OF PUBLIC RESEARCH FUNDING

In the Netherlands, around 3.5 billion euro is spent on academic research funding in 2015, which is
0.74 per cent of the Dutch GDP (VSNU, 2015). Institutional funding has increased over the years to
accommodate and supportthe increasing student body at universities and academicworkforce, from
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767 million in 1975 to 2,583 million in 2014 (nominal values), which is an increase of 330 per cent.
Indirect funding has also changed substantially, from 73 million in 1975 to 1,300 million in 2014
(nominal values), mainly due to European projects and industrial contract research, which is an
increase of 1,800 per cent.

Figure 9 shows the academic research budget in fair values between 1999 and 2019. Note that the
numbers of 2019 are expected and partly estimated (IBO, 2014; Rathenau-Institute, 2015a). All
fundinglevels seemto grow over time, apart from the institutional funding that declines. Figure 10
compares directfunding and indirect funding. The focus has changed from a primarily direct funding
based regime, inwhichonly 31 per centin 1999 is indirect, to a more mixed regime, in which 51 per
centis indirect in 2014. This could have several implication, that will be discussed in section 3.5.

Academic Research Funding
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M |nstitutional [str 1] B Project Funding NWO [str 2]
B Contract Funding [str 3] Medical Funding [str 4]

Figure 9: Academic research funding, 1999-2014 (realisation), 2015-2019 (prognoses) and 2009-2019 (prognoses tertiary
funding), based on fair value (2014), euro*1.000.000

PUBLIC FUNDING ORGANISATIONS

The ministry OCW and EZ are the main contributors to research and development in the
Netherlands: roughly 90% of the total public research funding. The largest part of this amount, 4,975
million in 2011, is spent on the research component of higher education (van Dalen et al., 2012).
Roughly 75% of all research funds go to universities and medical research centres. Then 20% of the
budget goes to intermediary organisations such as NWO and KNAW. NWO receives the majority,
which is further allocated to institutions and indirect funding to projects and contract agreements
(vanDalenetal., 2012). The remaining 5% goes to smaller research institutes. There are three main
intermediary organisations that have the role of allocating publicresearch funding to universities and
institutes. These are the NWO, KNAW and the NL Agency. These agencies will be described below:

NWO is the national research council, consisting of various organisational units such as science
divisions, foundations, institutes and taskforces. With its budget of 755 million euro in 2011 it
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allocates subsidies to the best scientific talent and best research proposals in the Netherlands (van
Dalen et al., 2012). Part of this budgetis also spend on the NWO research institutes, management
and overhead. Most funding NWO receives is from the Ministry of Education, Culture and Science. In
2011, 22% of the total public research funding went to NWO.

The duty of KNAW is to “serve as a learned society representing the full spectrum of scientific and
scholarly declines, to act as a management body for national research institutes and to advise the
Dutch government on matters related to scientific pursuit’’ (van Dalen et al., 2012). Apart from
advising the government on science policies, the KNAW also has a number of own institutes who
carry out societal research.

The Netherlands Agency is a division of the Ministry of Economic Affairs that carries out policy and
subsidy programs for business initiatives, which also includes the Dutch patent offices. These
programs have a focus on innovation, entrepreneurship and sustainability.

Direct & Indirect Funding
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Figure 10: Direct Funding and Indirect Funding based on fair value (2014), excluding medical funding, retrieved and
analysed from CBS, EY-Report, Rathenau

DIRECT FUNDING ALLOCATION SCHEME

Universities receive direct institutional funding from the ministry of OCW and EZ. The funding
consists of education and research part. While there is a division between education and research,
universities can freely choose how to allocate their funds internally. Thus, the funding is not
earmarked for research and education but the funds are based on specific research and education
parameters. Table 5 shows an overview of the funding parameters, and dimensions, of the
education, research and medical centres part of the institutional funding:
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Education [41 %]

eNumber of studentsand degrees [35%)]
eEducation provision [35%]

Research [44 %]

eNumber of Diplomas [15 %]
eNumber of PhD dissertations [20 %]
eResearch Schools [5 %]

eResearch provision [60 %]

Table 5: Institutional Funding Allocation Scheme

3.5 EXPLORING THE ISSUES

While the total governmental support of scientific research (fair values, 2014) is relatively stable
since 1999, as shown in figure 2, research organisations experience financial difficulties. This has a
number of reasons. First there was the focus shift from institutional funding to project funding in
2008, to benefitthe new policy measure ‘Vernieuwingsimpuls’. Second, the total size of institutional
funding has decreased in comparison to project funding, under influence of the growing
internationalisation of research and an increase in private funding initiatives (IBO, 2014). Third,
many research organisations use institutional funding to complement their second and third stream
research, the so called matching principle. Due toincreasing student number, and fundinglevels did
not commensurate, the relative research budget has decreased, between 200 and 2013 from 64 per
cent to 52 per cent (IBO, 2014). Moreover, funding within the second and third stream are often
focused onshortterm projects. With the increase in competitive funding, there is only limited room
for projectsthatare uncertainfortheirresultsinthe longrun. Also it depreciates the infrastructure.
Research organisations desire more financial stability, which is important for the continuity of long
term risky research, but also the maintain a healthy workforce.

While the focus shift to more competitive oriented fundingis regarded at something positives, it has
some drawbacks. Researchers are increasingly occupied with the application for research funds, what
has its impact on their research time. Research has indicated itis around 6 per cent of the time in
2014.

3.6 RESEARCH OUTPUT

It is often difficulty to determine the productivity of researchers and the impact of research.
However, measuring the effectiveness is important for academic institutions but also for the
government. Governments spend a considerable amount of budget on funding the academic
workforce. There are many methods to assess productivity and impact, the H-index is used to
examine the researchers publications, orthe citations or collaborationsindexis used, however none
of these measures also grasp the qualitative aspect or unmeasured aspects of research.
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3.7 SUMMARY

Academic professionals conduct research inthe executive layer of the science system. They want to
have the position to freely and independently do fundamental research that is meaningful from a
scientific perspective. However, these professionals work in an environment that is dependent on
support from the government. The government would like the science system to conduct research
that is meaningful for society as awhole. Therefore an objective gap between the policy maker and
the academic professional could emerge. The government tries to influence the behaviour of
academic professionals by creating policy instruments that set the right incentives. One of the main
policy instruments the government uses to support and influence the behaviour of research
organisationsisacademicresearch funding. However, due tothe inherent complexity of the science
system there is information asymmetry between the different institutional layers and there are
conflicting interests among the actors, it is increasingly difficult to design policies that have the
desired impact. The next chapter will elaborate on the difficulty in designing policies that set the
right incentives with the focus on how funding as a policy instrument influences research output.
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4. SCIENCE SYSTEM COMPLEXITIES

The aim of this chapter is to show the inherent complexities in developing policies for the science
system. The focus will be on how funding, as a policy instrument, affects the science system and how
policies will notalways have the desired impact. The theory on the Principal-Agent problem is used
to show this complexity and to come to three different funding strategies policy makers can adopt to
manage the science system (Bolton & Dewatripont, 2005; Laffont & Martimort, 2009). Section 4.1
gives an overview on the relationship between academic research funding and research output.
Section 4.2 will elaborate on the difficulties in creating policies in the science system. Section 4.3
shows the incentives needed to influence the science system and Section 4.4 defines the possible
funding regimes that have impact. Section 4.5 will reflect on these notions and provides the
conclusions needed to analyse policies within the model environment.

4.1 POLICIES WITH IMPACT

The government wants to create policies thatinfluence the science systemin such a way that it leads
to desired behaviour. As described in Section 2.4 and 3.2, the government does not always have the
same objectives as the researchersworkinginthe operational layers. Funding is a policy instrument
that can influence the science system with the intended purposes. Over the last years, the
positioning of fundingas a policy instrument has gained increasing attention, with the focus on how
research funding affect the research output of research institutions. Aghion et al (2010) tested the
hypothesis whether research organisations are more productive when they are more autonomous
and face more competitioninthe acquisition forfunds. This study shows a strong correlation. It also
stressesthat European universities could benefit from enhancing their competition fund acquisition.
Auranen and Nieminen (2010) did a similar comparative study en found that countries with more
competitivefunding environments were betterin attaining high publication output but were notable
to increase efficiency. Daraio etal. (2011) also did not find a clear defined pattern between funding
and research output.

One of the reasons no clear pattern is found is the partial conflicting interests between the actors
involved. Additionally, there is a high degree of information asymmetry between policy maker and
professionalonthe work floor. This tension can be described with the Principal-Agent problem, that
describes policy-making as arelatively difficult exercisein a complex environment. In this chapter this
complexity is explained, with the focus on how to create policies that have impact on the science
systeminwhich fundingis used asan example. The notions found in this chapter will be used within
the model. Three types of publicresearch funding regimes are distinguished, with the focus on public
research organisations, by using complexity theory and the theory of incentives: principal-agent
problem (Bolton & Dewatripont, 2005; Laffont & Martimort, 2009).

4.2 THE PRINCIPAL-AGENT PROBLEM & CONTRACT THEORY

Principal-Agent theory is used to describe the effects of funding regimes on the performance of
publicresearch organisations (PRO). Answers can be used to postulate hypotheses on how funding
regimes and performance indicators of PRO’s interact and how it could be incorporated within a
model environment. Societies spend significantamount of their publicexpenditures for research and
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development, in the Netherlands equal to 0.74 per cent of the gross national product (Rathenau-
Institute, 2015a). For thisinvestmentthe government expects somethingin return. This could be the
production of knowledge that is useful for society, inducing the production of knowledge in
prospective research fields or developing research skills of students at universities (van Dalen et al.,
2012). However, whilegovernment can have specificexpectations, they have limited knowledge on
how to conduct research and how to explore and develop promising research field. Because research
institutions do this on a daily basis, they are much better in understanding the research field. The
situationin which the policy maker [the principal] wants to induce specific behaviour of researchers
[the agents] thatleads to a desired situation, whilethe objectives of both parties are not completely
aligned and the information distribution is limited, can be called the principal-agent problem (Laffont
& Martimort, 2009).

The theory on the principal-agent problem can be described with an examplein the physician-patient
relationship (Fernandez-Carro, 2007). The principal, which is the patient, is not able to monitor the
conducts of the agent, whichis the physician. The relationship between the conducts of the physician
and the positive outcomes of the treatment are not necessarily aligned, yet it is assumed that there
issome connection. However, the fee the physician charges for his conducts is in no way related to
the outcome. In many ways the objectives of the principal and the agent are not aligned. Contract
theorythenasksthe question how the Principal can setthe right incentives that the agent will actin
best interest of the Principal. The best contract will then depend on the difference in objectives
among the Principal and the agent, the uncertainty between input and output and the degree in
which the output can be monitored (Fernandez-Carro, 2007; van Dalen et al., 2012)..

4.3 SETTING THE RIGHT INCENTIVES

The government wants to set the right incentives to enable the agents [researchers] to conduct
research in the best interest of the Principal [government]. Contract theory is used to analyse the
best contract between the two parties that induces the right behaviour of the Principal in the
presence of information asymmetry (Bolton & Dewatripont, 2005). Three different asymmetries can
be identified within the funding of science system: the gap between objectives of the Principal and
the agent, the uncertainties in the research process and the ambiguity of output indicators
(Fernandez-Carro, 2007; van Dalenetal., 2012). Thenthree different contractincentiveschemes will
be identified: high-powered incentive contract, low-powered incentive contract and no-powered
incentive contracts (Fernandez-Carro, 2007; van Dalen et al., 2012).

THE GAP BETWEEN OBJECTIVES

The government has several goals to achieve in supporting publicresearch organisations. Policies for
science should enablethe production knowledge, let society benefitfromit and teach research skills
to students (OCW, 2014). The government also wants to promote that research is relevant for
society. However, the multitude of objective can challenge the relationship between the Principal
and the agents. First, the governmentand research institute can perceive the objectives differently,
which could lead to different research, as the government has national objectives in mind while
research institutes can have more specific objectives in mind as described in Section 2.4 and 3.2.
Secondly, the government is not the only institution that supplies incentives to research
organisations. There are more funding partners that could have the influence in how the research
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institutes explore their research objectives. Thirdly, research institutes, in contrary to the
government, intrinsically cares about reputationin the hope of attracting prospective students, staff
and funds (van Dalen et al., 2012). As these concerns also play a crucial role how research institutes
define theirobjectives, itis notalways easy to align the objectives and work towards a common goal.

PROCESS UNCERTAINTY

Conductingresearch with the aim of developing new concept and ideas is not always successful. It
could happen that a promising research project leads to limited or no results, while it could also
happenthata minor project could lead, sometimes by chance, to a paradigm change in science. In a
situation that results are expected and a researcher is goal driven, fraudulent research can be
conducted whichis, in no means, useful for society as a whole and the research institute. Secondly,
the government can have a different perception of research results. While the researcher would
disregard a study as not ‘publication worthy’ it could have its influence on society.

AMBIGUITY OF OUTPUT INDICATORS

Bibliometric outcomes of research such as publications and citation counts are well defined and
qguantifiable. Howeveritis not the all-encompassinginstrument to determine knowledge production.
There are more indicators, that are harder to determine in quantitative terms, that influence
knowledge production such as producing relevant research forsociety. As such, the government can
expect certainresearch output by steering with funds, but will neglect research that is more likely to
be immeasurable. While fundingis a steering mechanisms to incentivise research performance, many
otherorganisational factors can be determined that influence research performance, which can be
found in Appendix 2.

SUMMARY

Policy makers intrinsically expect they have full control when it comes to regulating the science
system (Rathenau-Institute, 2015a). From their linear and normative perspective, they create
policies that should have the intended impact. However, these asymmetries make it increasingly
difficultto manage and direct the science system as a whole. Therefore anew perspective onthe use
and implementation of policy instruments is needed to deal with these asymmetries. Additionally,
policy makers should understand that detailed regulation is not possible as the science system is
subject to a multitude of actors, external incentives and factors that create an environment where
actors could behave irrationally. In such an environment linear decision making and top-down
regulation is not the right approach. Based on these asymmetries, three incentive schemes, which
are adapted from (van Dalen et al., 2012) and shown in Table 6, will be introduces that can mitigate
the issues with detailed regulation.

HIGH-POWERED INCENTIVE CONTRACT

In thisincentive scheme the government steers PRO’s with funding that is based on research output
and knowledge production. As this is not a quantifiable indicator, there can be a fixed amount of
funds per publication or for every citation. With this scheme, the government would stipulate the
production of as many units of knowledge until the marginal reward for the paper is larger than the
production cost (van Dalen et al., 2012). This would be a promising incentive scheme, if is a causal
relationship between the efforts of researchers and the research results. However, there is not
always a positive relationship between the efforts of the researcher and the production of new
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knowledge. In many cases, the emergence of new technologies or promising innovations happen by
chance. The government, that acts are the principal, is however not able to monitor the quality of
the produced knowledge effectively. Therefore, thisincentive scheme canjust be used when there is
a close cooperation between the government and the researcher.

LOW-POWERED INCENTIVE CONTRACT

In thisincentive scheme the government does not control the output but sets the research agenda
by funding specificresearch. Thisincentive scheme could be promising as research results are hard to
monitor and do not always lead to the expected results. Two low-powered incentive schemes can be
distinguished: one where the goals of the government and the institution are perfectly aligned, in
which the incentive leads to the right behaviour, and the one where goals are not aligned and
different studies willbe conducted. As the government does not regulate the research output, it can
waste resources with unsuccessful research and different perception of objectives.

NO-POWERED INCENTIVE CONTRACT

In this incentive scheme the government does not control the output nor does it set a research
agenda. A study by Holmstrém (1999) oninstitutional incentives shows that, even in the absence of
an incentive structure, the agent canstill performin the bestinterest of the Principal. If motivational
and reputational concerns drive the performance of institutes, and the objectives are aligned with
the government, monetary incentives might not be necessary (Holmstrém, 1999). With this scheme,
research institutions will allocate their funds to their best means and conduct research both in the
interest of the institute and society.

SUMMARY

Differentinformation asymmetries between the governmental policy-makers and the PRO’s call for
different contractual agreements. Table 6 shows the different contract incentive schemes the
government can adopt to manage the science system and steer for productivity. When there is a
large gap between objectives and the process and output can be understood and monitored, the
government can adopt a high-powered incentive scheme. When there is a small gap between
objectives and the process and output cannot be monitored, it is better to let the PRO work
independently and noincentiveschemeis necessary. However, in many cases the uncertainty of the
three information asymmetries are not definable. Additionally, not all combinations of information
asymmetries fit within this scheme. Then, no optimal incentive structure can be chosen. However, if
an incentive structure can be chosen based on the available information, a number of funding
regimes can be identified.

Contract Incentive Scheme | Objective Gap between Process Uncertainty Degree in which Output
Principal & Agent can be Monitored

High-Powered Incentive Big Low High (partly)

Low-Powered Incentive Average High Low

No Incentive Small High Low

Table 6: Incentives for the science system, adopted from (van Dalen et al., 2012)
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4.4 POTENTIAL FUNDING REGIMES

Based on incentives schemes that are identified in the previous section, potential contracts can be
formulated thatsetthe relationship between PRO’s and the government. A distinction can be made
between performance-based funding, performance agreements or lump sum funding. Performance-
based agreements are associated with a system that funds for actual performance, so after the
actual performance has taken place (ex-post), performance agreements are associated with future
performance, so before the actual performance has taken place (ex-ante) and lump sum funding
agreements are associated with a system that funds without ex-ante or ex-post performance
requirements.

e Ex-postfunding:Basedonthe high-poweredincentive scheme, this funding contract entails
the outsourcing of control from the government to the PRO’s. They determine the research
agenda, while the government monitors the output and efforts of researchers. Funds will be
awarded based onthe output of researchersandis not fixed beforehand. This can mean that
the government has to adjust their performance expectations to the amount of funds it is
willing to spend on research. However, because the performance requirements are set
beforehand, this funding regime can cause perverse effects where physical requirements are
met but quality is discarded. As an analogy; in the medial research field it is required
beforehand to publish at least 2 articles before the PhD program is completed (Rathenau-
Institute, 2015a). Consequentially, researchers publish as many papers as possible, often
they split studies and disregard quality to attain a high publication count.

e Ex-antefunding:Based onthe low-powered incentive scheme, this funding contract entails
the regulation by the government, or associated research institute such as NWO, to define
the research topics and the researchers conducting that research. The choice for researchers
can be predefined orallocated under open competition. Funding does not necessarily lead to
high productivity or research output. However, because the reputation of the research
organisationis atstake, individual researchers will use their professionalism to create high
impact research. The size of the research organisation is dependent on the allocation of
funds. This could lead to an unwanted situations where research organisations who were, in
an earlierstage, successfulin applying for ex-ante funding, become bigger and more skilled
in the application process, therefore securing more funds. As such, organisations who
already have a historyinsecuring funds are more likely to secure more; which is a success to
the successful archetype and a market failure (Sterman, 2000)

e Fixedfunding:Based on no-poweredincentive scheme, this funding contract entails that the
government sets a fixed yearly budget and allocates it to PRO’s to conduct research. The
government, that does not monitorthe process or expect certainresults, allocates the funds
that the organisations can use efficiently. If the objectives of the organisation and the
government are aligned this will eventually lead to the expected results. However, as
previous chapters explained, PRO’s often have different objectives in mind making research
not always in the best interest of society.
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SUMMARY

Most countries use one, ora combination, of these funding regimes to support their science system.
The ex-ante funding regime can be compared with project funding, the ex-post funding regime can
be compared with contract funding and the fixed funding regime can be compared with institutional
funding. While in most countries there is one dominant form of funding, the Netherlands has it
emphasis on more funding forms (Versleijen & van der Meulen, 2007). Table 7 shows the main
characteristics of the different types of funding regimes across the four dimensions. Based on the
differenttypes of research project, a contract scheme can be chosen. Itishoweverimportant to note
that not all dimension combinations are shown. As such, it is difficult to choose a funding scheme in
light of ambiguous information asymmetries, science system complexities and variety of research
projects.

Contract Incentive | Outcome Control? Budget Control? Research Control? Subject Control?
Scheme

Ex-Post  funding | Yes No (yes — with goal No No (yes - with
[High-Powered adjusting delay) additional funds to
Incentive] promising fields)
Ex-Ante funding [ No No Yes Yes

[Low-Powered

Incentive]

Fixed Funding [No | No Yes No No

Incentive]

Table 7: Limitations and opportunities of different funding regimes, adopted from (van Dalen et al., 2012)

4.5 SUMMARY

The information asymmetries between the policy-makers and the professionals conducting research
make it difficult to set the right incentive. From the governmental perspective, research should be
focused on creating knowledge for society, while researchers would be also focused on reputation
and career perspectives. Based on these asymmetries three funding contract regimes have been
identified, inthe hope of inducing behaviouramong researchers. However, itis not known how these
funding regimes interact with the workforce and performance of researchers within the science
system. Because the science system is inherently complex, mental models do not suffice in
understanding the mechanisms that work. To test these regimes and the earlier identified policy
measures, a model environment is needed. Chapter 5 describes the need for simulation more
extensively, and chooses SD as the method of preference.
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5. MODELLING METHOD

In this chapterthe choice for the modelling method will be further explained. Based on the identified
knowledge gaps, the limitations of previous research and the notion of decision making in complex
environments, amodelling method is chosen with the aim of understanding the system and inherent
system complexities while providing atool for decision making. Previous chapters have clarified the
difficulty of analysing the complex environment in which the science system is situated. System
Dynamics (SD) is a method to understand and analyse inherently complex non-linear systems
(Forrester, 1994; Sterman, 2001). Here the main concepts of the system dynamics (SD) framework
will be shown. It will further explained why this multifunctional method is the prime tool for
adequately addressing the main research problem. Section 5.1 shows previous studies within the
science system assessment field. The limitations of these studies will be clarified, which is the basis
for a different research perspective. Section 5.2 explains the need for a simulation study to
adequately address the research problem. Then, in section 5.3, different modelling methods are
summarised and SD is adopted as the chosen method. Section 5.44 will explain the SD method in
furtherdetail. Based onthe chosen method, other science system related SD studies will be shown in
section 5.5. This study partly builds on previous studies conducted in the science system where SD
was used as the method for analysis.

5.1 AcCADEMIC RESEARCH LIMITATIONS

The science system has changed substantially over the years. Many policy instruments have been
enacted todeal with the everchanging system. Inthe Netherlands, the Rathenau Institute, assesses
the science system and studies the effects of a the changing system and the impact of policies. Over
the years many studies have been published (Arensbergen et al., 2013; Van Balen, 2010; van Balen et
al., 2012; van Balen & van den Besselaar, 2007; Versleijen & van der Meulen, 2007). Other
organisationsin the Netherlands, both publicand private have also studied this field extensively (De-
Jonge-Akademie, 2010; de Boer et al., 2015; van Dalen et al., 2012). The main focus of these studies
were either qualitative, with the use of interviews or surveys, or quantitative, correlation based with
the use of comparative or statistical methods. However, these studies analyse the system from a
static perspective. Moreover, it perceives the behaviour of actors, and their interaction, both on
governmental and institutional scale as static and unchangeable over time. This, however, does not
suffice when the system under study is a complex collection of partially connected sub-system that
interacts and changes over time.

In general, policy makers perceive problems as series of cascading events, which could lead to event
oriented problem solving (Kwakkel & Pruyt, 2013). However in social systems the policy maker does
not onlyinfluence the system butis alsoembedded in the system. In the science system, the policy
makers withinthe governmentthat use policy instruments to drive research behaviour, perceive the
system linearly and information symmetrical. From their normative perspective on the science
systemthey create policies with impact. However, in inherently complex, interwoven and adaptive
systems, detailed regulationis nearly impossible (Rathenau-Institute, 2015a). As such, policy makers
could enact polices with specific positive expectations, but create policies thatlead to adverse effects
and counterintuitive behaviour.
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The policy makers want to understand how enacted policies behave in the science system. However,
due to inherent system complexities, simple implicit mental models do not suffice. In this situation
modelling and simulation can be used to test certain policies within avirtual setting without actually
testing them in real life.

5.2 THE NEED FOR SIMULATION

Statistical orImplicit mental models are inherently deficient when analysing complex systems as they
do not incorporate causality and interaction (Pruyt, 2010; Sterman, 2001). Complex systems are
multi-layer systems where all layers and agent within the layers interact with each other in multiple
ways (Porter, 2004). Concepts such as interacting behaviour, time delays, accumulations and non-
linearities all have to be taken into account if policy makers want to make sense of their enacted
policies. However, studying these complex linkages at various parts of the system can be atime-
consuming, costly and, in some cases, practically impossible task. Due to these constraints, modelling
the system and simulating the problem field is the only realistic way to test the system on policy
behaviour. Figure 11 shows these constraints: reality cannot be analysed practically, therefore the
perceived system is deduced to its key characteristics in a model environment. Based on a virtual
environment, the model can be used for policy experiments. Now the model can be used by the
policy maker to understand the real-world system and the impact of enacted policies.

Reality Solution Space

Experiments

Real World
Virtual World
Model Behavioural Experiments
Y= F(X)
Simulations
over Time A

Figure 11: The need for Simulation, adapted from (Borshchev & Filippov, 2004)

Building an explicit model could change the way the system under study is conceived. Not because
models are inherently correct and provide accurate predictions; none of them do; but because it
createsa conceptual environment that structures the mental process while providing atool on which
the modellerand others canreplicate the dataand use it for system forecasting. Another advantage
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of modelling is the possibility to conduct sensitivity analysis. A wide range of parameters can be
tested overa vastrange of scenarios to identify important uncertainties, regions of robustness and
thresholds (Sterman, 2001). Revealing these trade-offs, sensitivities and uncertainties can
substantiate the dialogue about the system under study.

A modellingmethod is needed to incorporate the problem field, that overcomes the limitations of
previous educational research, unconstrained by demand for analytic tractability, based on realistic
assumption about human behaviourand grounded in the field of policy analysis and decision making.

5.3 DEFINING THE METHOD FOR THE SYSTEM UNDER STUDY

There are many problems that can be efficiently addressed by creating simulation models. However,
there are many modelling methods that serve different goals and different problems. Based on the
choses systemscope, the problem demarcation and the system characteristics a modelling method
can be chosen.

High Abstraction A
Low Detail
Macro Level
Strategic Level System Dynamics Simulation
[Levels]
[Stock-Flow Structure]
[Feedback Behaviour]]
Agent Based
Simulation
[Active Objects]
[Individual
Discrete Event Behaviour]
Simulation [Interaction]
[Entities]
[Resources]
Dynamic System Simulation
Low Abstraction [Plrhesl Siite]
More Detail
Micro Level
Operational Level "‘ =
Discrete Methods Continuous Methods

Figure 12: dapted from (Borshchev & Filippov, 2004): Problem approaches and simulation methods based on their
abstraction and their system state

Typically, problems are arranged based on theirlevel of abstraction and theirevent (discrete) or time
(continuous) based characteristics as shown in Figure 12 (Borshchev & Filippov, 2004). At the low
abstraction level, physical simulation models are used to integrate exact concepts. Less detailed
system, such as factory floor models, are more abstract as they integrate average physical
trajectories and timings. Business process and network models are even more abstract as they
perceive the system from a macro level, that studies aggregated processes instead of individual
change. The highestlevel of abstraction often deals with global trends and aggregated values. Based
on the perception of the system one can choose for a discrete method, where the state of the
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system changesdiscretely (one entity at a time), or for a continues method, where the state of the
system changes continuously (fraction of the entity per time step). In a discrete simulation models,
system constructs are identified in terms of events leading to a certain situation, in which the
simulation is advance from time event to time event based on the model requirements and the
perception of the model environment. In a continuous simulation model, system constructs are
identified as aset of equations that change overtime, which can be a fraction of the studies event or
entity.

The main approaches in simulation modelling are Dynamic System Simulation, System Dynamics
Simulation, Discrete Event Simulation and Agent Based Simulation. Figure 12 shows the different
approaches based on their abstraction level and model orientation. The Dynamic System methods
are often atthe bottom of the chart and typically integrate specificand detailed concepts to perceive
the time varying behaviour of the system under study. The System Dynamics method is often used
for more aggregated, less detailed systems that try to understand the behaviour of interacting
conceptsovertime froma more strategicperspective. The discrete event methods are often used to
model the operation of a system as a discrete set of events that occur over time. Agent based
methods are often used to understand the individual and collective behaviour of agents within a
multi actor system over time.

This study triesto understand and analyse the effects of policy measures on the development of the
academic workforce in the Netherlands. Chapter 2, 3 and 4 show the inherent complexities of the
science systemin the Netherlands. Simple mental models are intrinsically flawed when dealing with
these complex systems. Statistical methods, which are based on correlations, only perceive the
impact of given policies on specific intervals. Qualitative based methods could not show the
development of academicstaff over time. Therefore a model environment has to be chosen, as the
real-world science system is too difficult to comprehend with mental models and real-world
experiments are constrained by time, costs and practicality. The focus will be on aggregated
processes: the development of academic staff in the science system and the effect on research
performance overtime. This calls for an abstract modelling method that does not look at detail but
perceives the system from a strategic level. The focus will be on continuous system state as the
workforce is considered in full time equivalents, that change over time, to get the optimal results
from a system perceived from an abstract level.

System dynamics is an adequate modelling method to tackle the research question as it could
incorporate the different concepts of the science system, its inherent complexities, its continues
interaction and the impact of policy measures over time from a strategic level.

5.4 THE SYSTEM DYNAMICS MODELLING METHOD

System Dynamics is a method foranalysing dynamicsystems to support policy analysis and decision
making. The main difference, compared to other model environments, is the emphasis on dynamic
interacting processes where complexity comes from within the system. A SD model is created to
provide insights into the behaviour of the system through its structure (Forrester, 1994). While SD
has been a well-used method for system analysis it is rather new in exploring the workforce
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developmentinthe science system (Navid Ghaffarzadegan et al., 2014). Chapter 5.5 shows previous
science system SD studies.

Creating a model is equivalent to reality deduction: not all real-world concepts can be conceived,
interpreted, explained in mathematical terms orincluded in the model. Because this will inherently
lead to uncertaintiesinthe model, SD models cannot be used for accurate forecasting and prediction
but ratheras models that explore the behaviour of the perceived system over time (Forrester, 1992,
1994; Sterman, 2000).

SD models are comprised of stock-flow structures and feedback loops. Feedback loops represent
causal relations between two variables, where one variable influences the other. An example can be
found in Figure 13. The population increases when there is a constant birth rate, leading to more
births overtime, which is a reinforcing feedback loop However the population also declines due to
deaths. This behaviour, that stabilises the population over time, is a balancing feedback loop.
Feedback loops are an important concept in SD models, as multiple feedback loops, both positive
(reinforcing) and negative (balancing), can cause dynamiccomplexity, or unexpected behaviour, over
time.

Population
Growth Stabilisation

Births 3 Population ( /A Deaths
H_/ ~— +

Population

Figure 13: Example of a Feedback Loop

Anotherimportant concepts within SD models is the stock-flow structure. Stocks represent bathtub
variables that increase or decrease by flows over time as shown in Figure 14. To use the same
example:the population of a society, without any immigration and emigration, increases with births
and decreases with deaths. The mathematical representation of astock is shownin equation 1. Itis a
first order integral equation where t, is the initial time and tis the time of the model.

Stock = Initial level + fr:to (Flow 1 — Flow 2)dt (1) Stock Flow Mechanism
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Additions
or Inflows

Stock

Subtractions
or Outflows

Figure 14: Example of Stock-Flow Structure

Figure 15 shows the stock-flow structure in the model environment. Auxiliary variables can influence
the stock by changing the in- or outflow rate, which is based on a value per time unit Constants,
which remain the same during the run of the model, can also influence certain parts of the model.
The figure shows a reinforcing and balancing feedback loop which means that the population either
grows exponentially or stabilises depending on the dominant feedback behaviour. In a model with
multiple feedback loops, or interacting mechanismes, it is hard to anticipate system behaviour.

Auxiliary 2
Death Rate

H

oy > Population
Flow 2

Flow 1
Birhs C_/ /A Deaths

Initial Stock Level

Auxiliary 1
Birth Rate

Figure 15: Stock flow Structure within a model environment

By connectingthe stock-flowstructures with feedback loops, an appropriate system description can
be reached. These interacting stock-flow mechanisms are then analysed as a whole, and not in
isolation, to perceiveaninteracting system overtime. These interactions are crucial when analysing
the science system, since a policy, thatinfluences the science system fora certain period, can change
the policy perception or influence the system in unexpected and unwanted ways.
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SD model output is generated by computing all the integral equations used based on a numerical
integration method. Inthe modelling program Vensim, which is used for this study, Euler and Range -
Kutta methods can be used. It can be represented in a graph of the variable of interest over time as
seenin Figure 16.

Stock Population

40,000

30,000

20,000

10,000

0

2015 2025 2035 2045 2055 2065 2075 2085 2095 2105 2115
Time (Month)

Stock Population : Current

Figure 16: System dynamics output diagram

5.5 SYSTEM DYNAMICS SCIENCE SYSTEM STUDIES

The amount of research into educational and science system policies with the use of System
Dynamics is limited. Kennedy has published several articles about managerial issues at higher
education (HE) organisations. The first paperdescribes the efforts to develop a model that “assesses
the complex set of variables concerned with managing quality in higher education” (Kennedy &
Clare, 1999). Beinga pilot study many non-real world concepts were used within the model making
the validation difficult. However, afirst foundation was created that links concepts (funding, research
output, staff performance) within HE organisations in a model. A follow-up study by Kennedy
describes the issues in human resource management processes in higher education institutes
(Kennedy & Clare, 1999). Various structures have been proposed to link and assess the impact of
resources on the quality of research. Relative importance between the concepts and the inclusion of
actor behaviourwas notincluded. Since then, two studies have been published by the same author
that review the past studies on educational policy issues and includes topics such as: corporate
governance, planning, resources and budgeting, human resource management, quality and
enrolment (Kennedy, 2000, 2011). While most studies acknowledge the complex interaction in higher
educationinstitutes, only few use methods such as SD that incorporates system characteristics (Oyo,
Williams, & Barendsen, 2008). A study of Try measures the relationship between resources and
outcomes using hierarchical linear modelling (Try & Grggaard, 2003). However this study sacrifices
non-linear dependencies. A study by Vinnik and Scholl also use a linear approach to explore the
relation between educational capacity and resource management. They, however, did not include
the concept of quality.

In his book Business Dynamics Sterman develops a model of academic promotion within universities
based on different stages of the academic career (Sterman, 2000). His research is based on the
promotion and exit rate of scientific staff at the Massachusetts Institute of Technology betw een 1930
and 1993, in a modelling example how aging chains within organisations can be used to describe the
distribution of persons within a hierarchical system. Oyo seems to be the first one to extend that
model by including funding, quality and policy aspects (Oyo et al., 2008). His initial assumption about

42



the directlink between educational activities, its strategic directions and the produced quality form
one of the main assumptions for this thesis work. However, this study focusses on educational
literature and concepts in a developing world country with the emphasis of funds acquisition.

In a study by Larson and Gomez an aggregated dynamic model was created to analyse the
recruitment process within universities based on a non-fixed retirement age (Larson & Gomez Diaz,
2012). In a follow up research Gomez describes the transition between young researchers and
established researchers (Gomez Diaz, 2012). A study by Ghaffarzadegan shows the workforce
distribution among national and international postdocs for biomedical research in the US
(Ghaffarzadegan, Hawley, & Desai, 2014) The model suggests that mostly international researchers
benefitfromfunding. Researchers that might go return home afterfinishing theiremployment could
lead to a brain drain. Another model from the same author researched the notion of
underemployment in industry due to the increase of PhD graduates and the resulting diploma
depreciation (N Ghaffarzadegan, Xue, & Larson, 2014).

Overall, none of these studies have specifically focussed on the influence of career and financial
policies on the workforce development within public research organisations in the Netherlands.
More importantly, none have dealt with the notion of uncertainty within the constructed models.
This thesis addresses that gap and focuses on the workforce development.
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6. MODEL BUILDING

[inputs - outputs - environment]

The system SD model is the backbone of this research and therefore the prime tool for analysis. It
alsoservesasa descriptivetool forsystem analysts who want to examine the behaviour of academic
staff in the workforce development system. The complete model is an effort to include the different
stages of the academic career, the effects of funding and career policies and the influences on the
research output. The aim of this chapter is to describe the structure of the workforce development
system within the system dynamics model environment. The focus will be on how the system is
conceptualisedinthe model and how specificconceptsinteractand drive system behaviour. Section
6.1 will describe the model implications which were found in the theory chapters. As the model is
only a limited representation of the real-world system, some assumptions have to be made
(Forrester, 1997; Sterman, 2000). Section 6.2 will give ageneral overview of the feedback behaviour
and scope of the model. Theninsection 6.3all segments of the model will be shown and explained.
Section 6.4 will present the uncertainties within the model environment. Then in section 6.5 model
specifics will be detailed.

6.1 MODEL IMPLICATIONS

The science system theory on academicworkforce development, analysed in chapter 3, 4 and 5 show
an image of a complex and interwoven system. Based on interviews with system experts from the
Rathenau Institute the most important concepts were taken into account (Rathenau-Institute,
2015a). However, notall real-world concepts can be incorporated in the model, simply because the
real-world system is too complex to comprehend and there are always more correlations and
causalities between system concepts than are conceivable (Sterman, 2001). Appendix 2 gives, for
instance, aninsightintothe manyfactorsthat determine research performance in academia. To deal
with this, the real-world system will be reduced by making several assumptions that are shown
below. It is, however, valuable to know what this reality reduction can have on the validity of the
model results. First the model implications found in the theory will be shown. Then the limitations of
reducingreal-world conceptsintoamodel environment, and the impact on the validity of the results,
will be discussed.

IMPLICATIONS FOR WORKFORCE DEVELOPMENT [CHAPTER 2]

The different career positions will be integrated within the SD model, with the focus on reproducing
the structure of the academic promotion chain and the behaviour of researchers within this chain.
The structure will resemble the workforce development figure found in Appendix 1.

e The model will focus on full time equivalents, and notindividual researchers. This is a choice
based on WOPI-data availability, the use of the continuous modelling method SD and the
accuracy of fte’s, which would compute the bestresults forthe intended purposes. Focusing
on people would not render the best results as the multiple part-time functions are not
equally distributed over the academic positions.

e Most temporary appointments are PhD-candidates and OAS, while most permanent
appointments are assistant-, associate- or full professors (Goede et al., 2014). It is therefore
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assumed that these appointments are strictly separated. Focusing on all the se differences
would make the model unnecessarily large and unmanageable. Additionally, the focus of this
study isto perceive the effects of an increasing temporary workforce as compared with the
permanent workforce. While there are also temporary appointments in the permanent
phases, it is assumed that they do not deal with same uncertainties as the temporary staff
phases and will eventually secure a permanent positions (Enders & Teichler, 1997).

e Asisfoundinliterature, there is always a higher demand for academic positions than place
(Van Balen, 2010; van Balen et al., 2012). Therefore the job market outside the Dutch
universitiesis always substantially large to satisfy the call for applications making the model
supply driven. Thus, Promotion is based on a capacity mechanism and not on a talent
requirement, which entails that room in the system becomes available if either enough
funding is obtained or academic staff leaves the promotion chain (Van Balen, 2010). If the
demand for positions would be smallerthan the supply, the non-academicjob market would
also be included in the model.

e The flow of academic staff follows a linear approach, from PhD-candidate to full professor.
Only the OAS position can be avoided by PhD-graduates that evade this position and become
assistant professor. In the real-world system, academic staff can evade several positions or
be demoted. However, these numbers are negligible and thereforenotincluded in the model
(Goede et al., 2014).

e Graduatesthat become PhD-candidates are hired by the promotion staff, which are the full
professors, when enough funding is available. While this is not a real-word concepts, an
average number of promotions peryear, this will be used withinthe model to endogenously
(from within the model) drive the hiring behaviour of the system. This could lead to changes
inthe model outcomesasitis not known if the promotion numberhasremained stable over
the years. During the model calibration test and the uncertainty analysis it was found that a
capacity allocation mechanism interacting with this reproduction number, which is used and
described inthis chapter, computes better results than the a sole focus on a stable number.
The numberis maintainedin this chapterto explain the hiring process at universities and to
express another perspective on the system.

IMPLICATIONS FOR FUNDING [ CHAPTER 3]
The differentfundingregimes, and the change in total research funding, will be integrated within the
system dynamics model, with the focus on understanding the effects on the workforce development.

e PhD candidates are almost completely remunerated with project funding (VSNU, 2015).
Therefore the model uses the competitive project funds for the acquisition of PhD staff.

e Theamount of funding foreducational purposes is mainly based on number and degrees of
students registered at the universities. For the model, exogenous growth projections are
used to simulate the growth of funding over time. The amount of funding for research
purposesisbased ona number of factors. Importantly isthe numberof PhD promotions that
increasesthe funding over time. In the nineties, with the agreement on this policy change,
the PhD positions increased dramatically (Goede et al., 2014).

e There is some uncertainty among system experts how the funding of the science develops
over time (Rathenau-Institute, 2015a). One view on the development of funding expects
growth to happen according to political change and solely based on a funding allocation
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scheme (Versleijen & van der Meulen, 2007). Anotherview links expected research output to
the amount of fundingas explainedin Section 1.6. This thesis adopts the second view where
growth in funding is related to research output (Oyo et al., 2008).

IMPLICATIONS FOR PERFORMANCE [CHAPTER 4-]

The influence of funding and career policies on the research performance will be integrated inthe SD
model, with the focus on quantifiable criteria such as research publications. Because research output
alsocomesin different non-quantifiable forms, and there are more additional factors that influence
performance as shownin Appendix 2, the outcomes of this model will pose several limitations on the
usefulness of this part of the model results. First, with the focus on quantifiable outputindicators the
image could arise that this is the preferred output, which could lead to wrong i ncentives. Second,
policy makers could assume thatthey directly steer performance in research organisations. However,
chapter 4 describes that in, inherently complex, interwoven systems detailed regulation is nearly
impossible. Moreover, the science system works as a professional organisations with a large degree
of autonomy, is such a situation top down steering by policy makers does not always lead to the best
results. The inclusion of performance is to get insights into the possible change on both the
workforce development and changes in the funding structure.

e The model uses data on productivity published by the Rathenau Institute and the VSNU
(Chiong-Meza, 2012; VSNU, 2015). This will pose for some limitations as productivity is not
equally distributed over the different positions and senior staff is often more occupied with
networking and managingthan conducting research (van Arensbergen & van den Besselaar,
2012; van Balen & van den Besselaar, 2007).

e Influencing factors as found by in literature and shown in Appendix 2: the ideal age for full
professors to be research group leader, the proportionality of junior staff (PhD & OAS) in
comparison to senior staff, the diversification of funding and the preference of academic
staff over staff from outside the Dutch universities. Many changes in the policy instruments
for science is also detrimental for research. This assumes that researchers fare well in a
stable and uncomplicated academic environment. Of course these findings represent
performance in research groups. It is however assumed that the link between group
performance and performance of the total academic workforce can be made. Itis important
to note that this study, as shown in Appendix 2, only found correlations, and no causations,
between these factors (Fernandez-Carro, 2007; van Dalen et al., 2012).

6.2 MODEL OVERVIEW AND MAIN CAUSAL RELATIONS

Figure 17 represents the different stages of the academiccareerinthe Netherlands. This structure is
followedinthe model. Individuals enteras they are admitted toa PhD degree programme and move
towards a permanent faculty position directly or through a postdoctoral period. Applicants from
outside academia are also admitted to all positions in the promotion chain. Through this paths, a
considerable proportion of researchers drops out, graduate and find work outside academia. The
focus on thisresearchisthe influence of fundingand career policies on in- throughput- and outflow
of the academic workforce over time and the implications for research performance.
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Figure 17: Research Workforce Pipeline and model Boundary. Note that the factors influencing the pipeline (policies &
funding mechanisms) are omitted from this view.

MAIN FEEDBACK BEHAVIOUR

Figure 18 describes the main feedback situation in the academic workforce development system.
Growth in academic staff is produced by a reinforcing feedback loop: professors promoting their
junior staff or hiring from outside research organisations as seen in loop 1. However this growth is
limited by the total amount of governmental support of the science system as seen in balancing
feedback loop 2. The funding mechanisms, and their positioning, are determined by policy makers
and therefore outside the organisational control. Additionally, there are some delays in the system
such as the choice and time to hire and the influence of changing the amount of funding or funding
regimes. This behaviour can be seen as the limits to growth archetype (Navid Ghaffarzadegan et al.,
2014; Sterman, 2001). The causal relationship diagram can be read as reinforcing growth in academic
staff, loop 1, limited by the amount of capacity which is based on the amount of funding, loop 2.
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Figure 18: Main Feedback Behaviour in Academic Workforce Development System [Limits to Growth Archetype]

EXTENDED FEEDBACK BEHAVIOUR
Figure 19 shows the extended causal loop model foracademicresearchersinthe Netherlands. There
are six major feedback loops in this system.

e Feedback loop 1 represents, in combination with loop 2, a limits to growth archetype. Full
professors have the opportunity to promote or hire external, non-permanent, members of
academia. It is known that reproduction rate in academia is very high, leading to
unprecedented growth if there is no system limitation (Navid Ghaffarzadegan et al., 2014). In
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a steady state system this would lead to system saturation; there is no room to absorb new
academicstaff. This loop therefore grows until the system reaches its peak, afteris halted by
external limits of the system: the availability of funds and the capacity to hire whichis loop 2.
Feedback loop 3 represents a basic goals-seeking loop: fostering research and scientific
discoveries are main motives for the governmental to support the science system with
funding. The government, especially the ministry of Education, Culture and Science and the
ministry of Economic Affairs, therefore respond to the call forscientificprogress, when there
is significant political pressure, by investing in research (Gomez Diaz, 2012; Oyo et al., 2008).
If the research budget increases, universities can hire additional staff and expand their
overall amount of research activity. If the amount of research output is satisfactory, no
additional funds are needed. However if the amount of research output is unsatisfactory, a
discrepancy between the desired research output and the actual research output arises that
incentivise the need for additional funds. As the discrepancy falls, the desire for increasing
the governmental budget decreases which, overtime, stabilises the goal seeking behaviour.
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Figure 19: Extended Feedback Behaviour in the Academic Workforce Development System

Feedbackloop 4 represents the workforce development of temporary research staff and the
attractiveness of the academic career. It is the psychological, legal or economic pressure
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after residing for some time in this positions to leave for an application outside academia
(Ghaffarzadegan et al., 2014). Temporary researchers cannot stay in academia forever, as
these jobs are low paid and don’t provide long term stability. When the residence time of
researchers in this position increases they are more likely to face pressure to leave.

e Feedback loop 5 represents the increased competition between researchers to acquire
funds. If there are more grants available, competition among researchers to acquire these
funds will increase. Researchers will increase their application time to produce more quality,
to secure these grants. However, more applications for the same grant leads to more time
spentby researchers on writing funding applications. As such, researchers find themselves
busy with writing proposals while they refrain from their core activity: research.

e Feedbackloop 6 representsareinforcing growth in funding based on the funding allocation
mechanismand the numberof new PhD staff. When additional PhD candidate is hired, public
research organisations get an additional amount of funds. This growth is halted by the total
amount of funding that is available for researchers. This was one of the main mechanisms
why researchers started to hire additional amounts of PhD staff from 1994 onwards (van
Dalen et al., 2012).

6.3 MODEL CONSTRUCTION

In this section the different model segments will be identified and explored, with the focus on how
structure drives the behaviour of the system. The following structure per segment will be followed:
e The development of the stock
e The inflow characteristics
e The outflow characteristics
e Important concepts

PHD CANDIDATES

The population of researchers within the science system increases by the openings created by the
promotion staff, which in the Netherlands are the full professors or chairs and corresponds to
feedback loop 1, and based on the availability of funds for this group. Professors are often
responsible for the strategy and objectives of the research group. As they deem fit, funds are
exploited for new research opportunities and, as such, new potential researchers are promoted
within the research group. In the model, graduates who become PhD candidates are hired by full
professors based onthe number of promotions professors are willing to make on a yearly basis and
the availability of funds what corresponds with feedback loop 2 and is constructed around a capacity
mechanism described below.

Upon successful completion of their PhD, graduates will be confronted whether they want to stay in
academia. PhD candidates who continue in academia do so often at their own organisation, however
a small proportion moves to other universities. There is also a significant proportion of PhD
candidates who do not successfully finish their studiesand movestoindustry. Graduated PhDs often
prefertoacquire a permanent position at their faculty, rather than becoming part of the temporary
workforce in academia with the possibility of temporary contract accumulation. However as
candidates are often expected to publish several papers in leading journals only a small proportion
will getthe opportunity to acquire a permanent position right away. However many researchers who
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think they have betterfuture opportunities acceptlow paid academicjobs and stay in academia for a
prolonged period (Larson et al., 2013). In the model, the PhD candidates either become promoted,
based on capacity availability and a promotion fraction, or leave academia, either upon successful
completion of a degree or beforehand. The PhD model segment can be found in Figure 20.
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Figure 20: Simplified Stock-Flow Diagram of the in- and outflow of Academic Staff within the PhD Phase

The Basic Reproduction Number (BRN), defined as R, is the average number of PhD candidates that
the promotion staff will graduate over the course of their academic career (Larson et al., 2013). To
determine this numberlongitudinal PhDinflow datafromthe Rathenau Institute is used. Then R, can
be calibrated overtime. Whileitis an ideal approach to use a model that can simulate these factors
endogenously the model boundary is set around the inflow of PhDs in purpose of our stakeholders
interests. The mainrole of the PhDinflowis thatis matches and replicates the real dataovertime. As
such the basic reproductive number becomes the object of interest.

When the capacity of academicstaffis stable, the entry rate of researchersinto academia must equal
the exitrate. When Ry = 1.0, each professorwill graduate one new PhD that can replace him or her.
In a system where a professors tends to graduate more than 1.0 PhD candidates over their active
career this stability is affected. If R is bigger than 1.0, PhD graduates would not be able to stay in
academia as there is not enough capacity for the faculty positions. However, 50 per cent of PhD
graduates want to stay in academia (Goede et al., 2014). For them it is a rational choice to stay in
academiainthe hope of acquiring apermanent whichis, in some sense, beneficial for universities, as
they are a low paid and highly trained workforce. Equation 2 describes R, which is based on the
average capacity growth rate, i, Cyis the capacity of faculty staff and § is the fraction willing to

become a permanent member of academia.
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Ry=—= (2) Reproduction number

OTHER ACADEMIC STAFF

For TRS positions, the growth of new other academic staff is determined by the openings available
due to the exit rate and limited by the capacity. The capacity mechanism, which interact with the
fundingregimesandthe workforce development willbe explained in the corresponding sub -section.
The number of applicantsisafunction of the numberof PhD graduates who obtained theirdegree in
the Netherlands, as well as the applicants from outside academia. These are often international
applicants or researchers who spend some time in business or industry before coming back to
academia. It is reasonable to assume that professors tend to prefer PhD graduates over applicants
from outside academia. Furthermore, itis reasonableto assume that PhD graduatestend to preferto
acquire a permanentappointments ratherthan a temporary OAS position. In this case they will skip
this step in the promotion chain.
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Figure 21: Simplified Stock-Flow Diagram of the in- and outflow of Academic Staff within the Other Academic Staff Phase

For becoming Assistant Professor the same formulation method is followed. In this case, however,
also new PhD graduates compete for permanent faculty positions. These are two groups with a
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different level of competitiveness. While stayinglongerin academiaincreases ones curriculum vitae,
by producing more papers and gaining more knowledge it will also lead to more uncertainty in
promotion opportunity makingit more likely for researchers toleave forindustry (Ghaffarzadegan et
al., 2014; Hur, Ghaffarzadegan, & Hawley, 2015).

A study by van Balen (2010) emphasis that the performance of researchers is not directly related to
the likeliness of promotion. [t was mainly coincidence as being there at the right time with vacancies,
the successful acquisition of external funds orthe number of published papers. As itis assumed that
there isenough demand foracademicpositions, correspondingto section 6.1, the growth of assistant
professors is based on coincidence, and it is expected that with demand the

The growth of Assistant Professorsis therefore determined based on a coincidence factor and not a
quality factor as assumed in section 6.1. The OAS model segment can be found in Figure 21.The
table function of demotivation time effects on OAS and Quality is by the authors assumption (and
maybe in a later stage model calibration). Itis furthermore assumed that the proportion of OAS that
plan a temporary stay in academia is negligible.

In the model, researchers could go through 3 distinct phases to represent the temporary contract
accumulation and the effect of coincidence, demotivation and quality on the promotion flow of these
phases. The three phasesrepresentthe three 2year temporary contractthe researchergoes through
hoping to acquire a permanent faculty position. The maximum duration of OAS is six years in the
Netherlands. Howeverthe third phase is slightly different, representing the final stage of temporary
development at universities also the ones that use loopholes to remain within the academic world.
As such average time spend in the OAS phase increases over time, coupled with the coincidence of
landing a permanent position could make effect of demotivation bigger.

PROFESSORS

There are three distinct stages that researchers go through when acquiring a permanent position in
academia, assistant-, associate- and full professor, that representtheirfull growth in academia. Some
researchers do not follow the promotion chain in a linear fashion, as they get promoted towards a
higher positions orget demoted. However, from asystems perspective these number are negligible
(Goede etal., 2014). When a permanent positionis granted, most professors have the rare luxury of
job security. As such, prospective young researchers want to navigate the hurdles of being a
temporary researcher to acquire a much desired faculty position. (Fruijtier, 2007; Larson & Gomez
Diaz, 2012). Overthe last 15 years the number of permanent positions have remained stable around
8000 with an decreased focus on associate professors and an increased focus on temporary staff
(VSNU, 2015).

There are three types of permanent faculty members that can be hired: PhD graduates that did not
become postdocs, OAS that are promoted and lateral hires from outside academiain a later stage of
their career. For assistant professors, the inflow of new staff is based on these three types. The
number of hires is based on the availability of capacity with a preference for non-lateral hires. The
capacity mechanism, which interact with the funding regimes and the workforce development will be
explained in the corresponding sub-section. For the other two permanent positions, the assistant-
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and full professors, hires are based on promotion of academic staff and lateral hiring. Permanent
staff leaves the promotion chain when the decide to work inindustry orbusiness or when they retire.
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Figure 22: Simplified Stock-Flow Diagram of the in- and outflow of Academic Staff within the permanent staff phases

In correspondence with literature, the faculty positions have been modelled in a static and linear
fashion (De-Jonge-Akademie, 2010; Goede et al., 2014). Promotionin these stages happen according
to an average residence time. Afteracertain residence time, researchers become promoted, retire or
leave academiabehind. This decision is based on anumber of promotion fractions, that are retrieved
from the Rathenau database. The lateral hire fractions are also retrieved and used to model the
external inflow. The residence times, hire and promotion fractions are relatively stable over time
(Goede et al., 2014; Rathenau-Institute, 2015a). However, changing the residence times and
promotion fractions could have a substantial effect on the model outcomes. It is therefore vital to
see how the model reacts to uncertainty margins in these factors in a later stage of this study.
Additionally, due to these fractions, the model is now temporary staff driven: the number of
temporary staff inflow decides to alarge extent the number of lateral hires. This could have an effect
on the inflow volatility of the assistant professor phase. However, from a systems perspective, the
career phases are deeply interwoven and therefore corresponding with literature.

RESEARCH FUNDING

One a yearly basis, public and private funding is allocated to research organisations to support the
workforce and infrastructure. There are three forms of funding with a different effect on the
workforce and the research performance. Overthe last 15 years the amount of institutional funding,
in fair values, has decreased from 2,200 in 1999 to 1,800 million euro in 2014 while competitive
funding has increased from 1,000 to 1,900 million euro.

The inflow of fundingis dependent on the governmental support on the science system. Additionally,

private organisationsinvestinresearch conductedin publicresearch organisations. The institutional
funding increases based on the factor and allocation scheme as described in Section 3.4. The
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competitive funding increases based on the spending by NWO and the projected support of third
party organisations and the European Union.

The outflow of funding is dependent on the average stipends in academia. Because fair values are
used forfunding, noinflation correctionis needed. As the focus is on research funding, the costs for
investments and machinery will not be included. Howeverin recentyears these costs are included in
certain projects and institutional funding (Versleijen & van der Meulen, 2007).
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Figure 23: Simplified Stock-Flow Diagram of the in- and outflow of Research Funding for public research organisations

CAPACITY MECHANISM

The relationship between funding and workforce development is an ambiguous one. While funding
supports the workforce in academia, it does not compute a one-on-one causal connection. The
number of funding sources are numerous and difficult to determine and the number of
disbursements are equally difficult to define. Additionally, the governmentalintended purposes with
the support can often be different from the actual, as the government cannot directly set the
disbursement requirements (Versleijen & van der Meulen, 2007). It is therefore imperative to
understand that the capacity mechanism only makes sense from a systems pers pective, with the
focus on behaviour over time, and not detailed forecasting.
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Figure 24: Capacity Mechanism of permanent staff

In the model, funds are exploited to support the workforce. An example of this mechanism, specific
for the determination of the permanent workforce, can be found in Figure 24. The amount of yearly
funding, divided by the average researcher costs, determines the capacity of staff, (. The
discrepancy between the staff capacity and the number of present staff can be accommodated with
new workforce openings. Based on the total amount of openings, minus the professors leaving the
promotion chain and the number of lateral hires, the variable ‘total faculty openings’ is created
which determines the openings for PhDs and OAS. Formula 3 describesthis mechanism, in which fis
total hiring for faculty positions, a is the fraction of funding exploited for stipends, f, is the total
amount of funding, c, is the total cost of a researcher, s is the number of academic staff, tisthe

capacity adjustmenttime and s, is the academicstaff outflow. Note that these variables change over
time.

fe
a——S
f= max<(—ctL)—so,0> (3) Capacity mechanism

RESEARCH PERFORMANCE

One of the main assumptions in this study is that funding influences the development of the
workforce, the workforce produces research and that the demand for research drives the call for
additional research funds as described in Section 1.6 and shown in Figure 3. This Feedback loop 3
shown in Figure 19, representing goals-seeking behaviour is contested but supported by literature
(Frelich, 2006; Hicks, 2012; Oyo et al., 2008; Srikanthan & Dalrymple, 2007; van Dalen et al., 2012).
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Figure 25: Research Performance and Influence on Funding

In the model, the workforce produces scientific output by conducting research based on their
productivity. The research activity defines the number of publications individual researchers make on
a yearly basis. It is important to note that in an increasing international and interdisciplinary
environment researchers find themselves conducting research within research groups (van der
Weijden, Verbree, Braam, & van den Besselaar, 2009). The variable ‘research hours per published
paper’ istherefore used asan average and calibrated to fitthe observed historical data. Additionally,
researchers also produce valuable qualitative research output whatis omitted from this study based
on model limitations.

Because it is the governmental aim to become the frontrunner when it comes to research and
development and building a knowledge based society, the government will further increase their
support of the workforce if this objective is not met (OCW, 2014). In the model, this is the
discrepancy between the desired level op research output and the actual research output. If this
discrepancy grows, the government has the incentive to increase their support of the workforce.
Formula 4 describes the desired research output, p4, which is based on linear growth based on a
static growth fraction g and delayed by the goal adjustment time t,. Itis calibrated over time and

correspond to the historical data between 1999 and 2010.

(4) Desired publications

38,000+0.025gf
Pa = ( —)

ta

The discrepancy mechanism, in which d is the discrepancy between desired and actual research
output, p; describes the desired output and p, describes the actual research output is shown in
formula 5. Based on this discrepancy there is a call for additional funds.
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d = max (pg — Pg, 0) (5) Discrepancy Mechanism

COMPETITION FOR FUNDS

The governmentwantto drive the behaviour of researchersin publicresearchinstitutions by setting
the right incentives. Competitive funding, both the ex-anta and ex-poste, can be used to induce
research behaviour. When the government increases the available competitive funds, competition
among researchers will increase as more researchers will apply for certain funds. As competition
increases, the researcher will increasingly work on their grant proposals. This will eventually diminish
the time researchers spend on their research.
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Figure 26: Influence competitive funds on research activity

In the model, the number of applications for funding will increase when the total amount of
competitivefundingincreases. Thisisanot a real-world variable butis used to model the increase of
grant proposals and calibrated to fit the data. The total number of applications will increase the
applications perresearchers, thusincreasing the time of applying for competitive funds. The amount
of time applying for competitive funds will decrease the time conducting research.

Applications fromindustry or business are regarded as exogenous variables and are retrieved from
the Rathenau Institute Database. While it is an ideal approach to have a model that can simulate
these factors endogenously the model boundary depicts that the market creation of potential
applications from industry are outside of the scope.

57



6.4 DEALING WITH UNCERTAINTY

Studying areal-world system requires the identification of uncertainties. Uncertainty can generically
be defined as the absence of information about the past, present and future of a given system (Van
Asselt & Rotmans, 2002; Walker, Marchau, & Swanson, 2010). From a policy perspective, uncertainty
is the gap between the available knowledge and the knowledge that is needed to create the best
policies (Walker et al., 2010). These uncertainties are also primarily normative, since they are
coloured by the perceptions of the actorsinvolved inthe policy-making process. Uncertainties can be
foundinall aspect of the policy-making process. Because a model is created that analysis the given
issue, the primary focus will be on the identification of uncertainties within the model environment.

To analyse a certain problem within a model environment, reality needs to be deduced as explained
in section 5.2. Many exogenous parameters and variables should describe the real-world system.
However, these structures will never completely resemble the real-world environment. Therefore,
the uncertainties in these factors should be analysed. Additionally, uncertainties are also
omnipresentinthe real-world system. Due toinformation asymmetry and normative perceptions the
conceptualisation of the given problem can differ among actors. Because models are inherently
incomplete, incorrect and intuition alone is not always sufficient to understand the underlying
uncertainties, simulation is needed (Kwakkel & Pruyt, 2013; Pruyt, 2014).

Angle Uncertainty
Location: Input Structural Methodological Output
Conflicting
Reason: Lack of data perceptionsand Scope Variability
values
Level: Marginal Shallow Medium Deep
o ) . Uncertainty
Approach: | Process Sensitivity Analysis  Multi-Methods .
Analysis

Table 8: Uncertainty in SD models, adapted from (Pruyt, 2014)

The uncertainties withinthe SDMenvironment can be perceived from four differentangles as shown
inTable 8: the location of the uncertainty withinthe model, the reason of the uncertainty, the level
of expected impact and the method for dealing with these uncertainties:

e Location: Inputuncertainties are related to model quantities such as parameters, exogenous
data and initial states. They often emerge from the appropriateness and quality of the data
thatisusedto describe the system (Walker et al., 2010). Structural uncertainties are related
to the model structure and the functional relationship between variables. These uncertainty
are important, as SD is about the structural characteristics that drive the behaviour of a given
system (Forrester, 1994). These uncertainties are often epistemological in nature, as the
model should adequately describe the system to understand and dissolve the given issues
(Walkeretal., 2010). Methodological uncertainties are related to the method that is used to
addresstheissues, both externally, in which SDmight not be the best method to adequately
understand and dissolve the issues and internally, that the method for implementing a
certain conceptis not possible or univocally agreed upon. Output uncertainties are related to
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the robustness of the model; whether the model can adequately describe the system
behaviour.

e Reason: There could be a general lack in available dataorthe data that is available varies for
different sources that quantification of important parameters is difficult. This could make the
model outcomes less valuable. The normative perception of the system and the issues
underneath could also be conflicting. As such, the modeller is not able to create a system
conceptualisation that incorporates all values and perspectives of the different actors
involved. The chosen scope could also make it uncertain whether model outcomes are
generalizable or extrapolated to other situations (Walker et al., 2010).

e Level:There are many uncertainties withinthe SD model. However not all uncertainties have
to be dealt with. Some uncertainties are negligibleforthe model outcomes, while others are
deeply uncertain and therefore action is needed. Within this study the most important
uncertainties thatare identified are characterised as medium. Deep uncertainty, which could
be analysed with the combination of multiple methods such as the use of SD in combination
with the exploratory modelling and analysis (EMA) framework, is purposively left outside this
study for scoping reasons.

e Approach: If the identified uncertainty could have asignificant impact on the model results,
uncertainty analysisis needed. Some input uncertainties are traditionally dealt with in the SD
environment by the process of model formulation and sensitivity analysis (SA), which will be
conducted in section 7.2 (Pruyt, 2014). However, SA only perceives behavioural changes
when model parameters are slightly changed. Sudden changes and surprises that are outside
the model environment are not dealt with (Walkeret al., 2010). Therefore it could be useful
to test some uncertain input variables on realistic deviations. This will be done with the
uncertainty analysis (UA) which will be conducted in section 8.4. Structural and
methodological uncertainties are less developed and teste d within the SDM environment. A
multi-method approach to deal with these uncertainties can be included to increase overall
validity of the model outcomes(Kwakkel & Pruyt, 2013; Pruyt, 2007). This will be describedin
the discussion, section 9.2, and is purposively left outside this study for scoping reasons.
Some structural uncertainties will be dealt with by UA. Output uncertainties are traditionally
dealt with in SD by behavioural interpretation of the model results.

Policy makes want to make sense of theirenacted policies. However uncertainties are omnipresent
inreal-world systems. Additionally, models are often incomplete, incorrect and based on a limited
understanding of reality. It is therefore vital to understand the uncertainties within the model to
create policies that are robust. The next section will identify the key uncertainties within the SDM
environment.

6.5 SYSTEM DYNAMICS MODEL UNCERTAINTIES

In this section the main uncertainties of this study will be identified. The focus is on uncertainties
withinthe SDM environment. The uncertainty typology is used as described in Table 8. The external
methodological uncertainty: the use of SD as the propertool to analyse the givenissue is discussed in
section 5.3 and will be concluded in the discussion, section 9.2. Based on the theory chapters, the
focus on the top-down perspective and through interviews at the Rathenau Institute two types of
uncertainties have been chosen for this study: input uncertainties and structural uncertainties. First
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the input uncertainties will be discussed, then the structural uncertainties will be identified with the
focus on a bottom-up perspective.

PROMOTION OF FACULTY MEMBERS [INPUT - PERCEPTIONS AND VALUES /VARIABILITY - MEDIUM]
The static characteristics of the faculty segment of the promotion chain, which is assumed in section
5.1 and explainedinsection 2.5, is modelled with the use of stable input. However, while the choice
of these fractions are based on these assumptions, and quantified and calibrated with the use of
WOPI data, itisunlikely thatthey are completely stable over time. Additionally, trends in literature
suggest that the proportionality between the faculty functions are changing. Based on this
information the input fractions could be changed with realistic deviations and expectations to
perceive the behavioural changes over time, which is described in section 8.4.

PHD HIRING [STRUCTURAL - PERCEPTIONS AND VALUES /SCOPE - MEDIUM]

The focus on capacity mechanisms for the promotion of academic staff disregards choice. However,
apart from funding, it is often choice that initiates a hiring process. The model is now constructed
around the capacity mechanisms, that decides for the amount of room in the academic career
system. This will pose limitations, as the real-world behaviour is not always directly related to
funding. Based on different model perceptions a bottom-up approach is chosen to analyse this
uncertainty.

The reproductionrate, whichis described on page 50, could also decide forthe numberof PhD hiring
in academia. While this makes the model more demographically based, which, in essence, is a
promotion chain, it will also lead to other limitations. The reproduction rate is not a real-world
concept and therefore limited information is available. Additionally, the reproduction rate could
change over time based on a number of factors. Therefore quantification might be difficult. The
behaviour of staff within the chain can only be modelled rationally and behavioural noise and sudden
changesare disregarded. Moreover, the reproduction rate is limitedly generalisable over all fields as
forinstance, doctorates in engineering will be less interested in pursuing an academic career.

The way inwhichthe PhD hiring process takes place at PRO’s can be perceived as an uncertainty that
is primarily based on different perceptions and values of the system structure. Because the scope is
around the promotion chain, and external market side competition structures are not included, the
uncertainty can also be based on the scoping of the issue. Section 8.4 describes the behavioural
changes when the capacity mechanism of PhDs is substituted with a BRN. Note, that the intention of
this structural change is notto reproduce the exact or optimal value for the workforce development,
which depends onanumber of factors, butto create a numberthat could endogenously describe the
workforce development based on demographical factors. Additionally, it could test whether the
structural changes would compute different model behaviour.

PROMOTION OF TRS [STRUCTURAL - PERCEPTIONS AND VALUES /SCOPE - MEDIUM]

The focus on capacity mechanisms forthe promotion of academic staff disregards quality. However
quality also decide whether a staff member is promoted. Temporary researchers who pursue an
academic career are now often faced with multiple-accumulating temporary contracts before they
acquire a permanent position. In these temporary contracts, researchers improve their knowledge
and increase theirresearch output. Because thereis much uncertainty whether these staff members
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eventually obtain a permanent position, the tendency to leave academia is high. The model is now
constructed around the capacity mechanism, that decides for the amount of room in the academic
career system. The capacity mechanismforTRS is based on chance rather than quality which follows
from a study by Van Balen (Van Balen, 2010). This study did not find an significant relationship
between quality of staff and the chance of being promoted. It primarily being there at the time there
was room in the system. However, the validity of this study is contested. As such, this assumption
could pose certain limitations, as the real-world behaviour is not always directly related to chance
but also to the individual quality of the applicants.

The residence time of TRS, which is described in Section 6.3, could also decide for the hiring choice.
This will make the model more knowledge based, which, in essence should be the foundations of the
hiring process. However it will also lead to other limitations. Defining quality is difficult if one
analyses research endeavours. Apart from the number of quantifiable and non-quantifiable research
output, residence time does not necessarily entail quality. If we accept that residence time within
academiaequalsthe quality of the given researcher, accepting multiple-accumulating contracts is the
preferred option. However, this thesis addresses the limited room in the permanent faculty stage of
the academic career and perceives contract accumulation in this phase as unwanted as researchers
would become demotivated and leave academia.

The way in which the faculty hiring process takes place at PRO’s can be perceived as an uncertainty
thatis primarily based on different perceptions and values of the system structure. Because quality is
not considered it can also finds its uncertainty in the scoping of the problem area. Section 8.4
describes the behavioural changes when the choice forfaculty membersis substituted to aresidence
time based mechanism.

RESEARCH FUNDING & PUBLICATIONS [ STRUCTURAL - PERCEPTIONS AND VALUES - MEDIUM]
The system based increase of the desired research funding, which is assumed in section 5.1 and
explained in section 1.6 which is based on a desired publication count is contested. The different
actors within the system do not agree on how this concept should be integrated within the model
environment. The model is now constructed around the increase in funding based on a desired
research output with regards to publications. External factors such as economic and political change
are notincluded. This will pose limitations, as the real-world behaviour of this system is not always
expected and sudden changes could occur. Additionally, the focusis not on the quantifiable research
output, which is not the only factor that defines quality.

The desiredincrease infunding, whichis described in Section 6.3, can also be discarded, which makes
the model exogenous variable based with less feedback loops that create the dynamic behaviour
over time. However, when this concept is omitted it is harder to determine the change in funding
levelsinthe nearfuture. The way in which the funding levels increase in PRO’s can be perceived as
un uncertainty thatis based on different perceptions and values on the system structure. Section 8.4
describes the behavioural changes when the Research funding increase is not endogenously driven
but exogenously based on growth expectations.

61



PART



7. MODEL TESTING

The aim of this chapteristo build trustinthe model thatis usedto describe and analyse a real-world
system. This chapter is however not intended to show that the model is correct or not. Sterman
(2000) and Barlas (1996) note that all models are inherently wrong, as they try to capture reality in a
simplified manner. This chapter will mainly be constructed around several test to show the
usefulness of the model, and whetherit fits the intended stakeholder uses. Section 7.1will present a
design cycle on which the model testing is structured. The next section, 7.2, will show the
implementation process of these tests. Based on these tests, section 7.3 will reflection on the results
and will include concluding remarks about the usefulness of the model.

7.1 THE VERIFICATION AND VALIDATION TESTING CYCLE

The process of model verification analyses whether the model implementation represents the
conceptual description. Here, flaws in the implementation process can be removed. The process of
model validation analyses if the model corresponds with the real-world system. It should also
correspond with the model purposes of the stakeholder. These tests do not prove that the model is
correct, itmerely shows whetherthe model is of sufficient level for the intended use (Barlas, 1996;
Sterman, 2000).

Sterman (2000) and Barlas (1996) suggesta wide range of verification and validation tests that can be
both qualitative and quantitative in nature. These tests all focus on different aspects of the model,
therefore acombinationis needed. Figure 27 shows the testing cycle design that is used to analyse
the model.

Fails
-PasseS=PasseS=Passes Passes.

Figure 27: Testing cycle adapted from Sterman (2000) and Barlas (1996)

The model testing cycle starts with the structure assessment tests. They look at whether the
structure of the model corresponds with the literature and the perceived real-world system. Based
on two interviews with experts from the Rathenau Institute these tests have been conducted. The
first test in this phase is the structure confirmation test which looks if the level of aggregation is
appropriate and whether it is consistent with the given system knowledge. The second test in this
phaseisthe boundary adequacy testthat shows whetherthe model includes the necessary concepts
and feedback structures corresponding with the real-world system. The third test in this phase is the
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dimensional consistency test that analyses whether the equations and units are consistently used
and whether they have real-world counterparts. The fourth test in this phase is the partial model
testing which perceives the behaviour of independent parts of the model. When these structure
assessment tests are successfully completed the next phase can commence.

The model testing cycle continues with the structure oriented behaviour tests. They look at how the
model behaves under different circumstances. The first test in this phase is the extreme condition
test that analyses the validity of the used equations by comparing the results under extreme
conditions with logical expectations of the real-world system. The second test in this phase is the
sensitivity analyses that looks for parameters that are sensitive to change. When the structure
oriented behaviour tests are successfully completed the next phase can commence.

The third step in the verification and validation process is to see whether model behaviour fits the
past behaviour of the real-world system. For this purpose the R Squared and Mean Absolute
Percentage Error metrics are used. Based on the differences, a graphical representation will be
shown, which concludes the historical validation. To measure the effect of these tests on the model,
the following Key Performance Indicators (KPls) are used:

Key Performance Indicator Unit

Temporary Research Staff Staff

Permanent Research Staff Staff

Ratio of Temporary to Permanent Staff  Dmnl

Staff Turnover Dmnl

Research Output Publications/Year

The next section will follow the structure of the testing cycle as defined above. Because not all of
these tests are quantitative, therefore not having adirect influence on the numerical outputs of the
model, not all tests will show the KPlIs.

7.2 CONDUCTING THE MODEL TESTS

In this section the different verification and validation tests will be conducted. When certain tests fail
to meetde desired qualitythe model will be restructured and improved following an iterative cycle.

STRUCTURE CONFIRMATION TEST

The purpose of the structure confirmation test is to verify whether the structure of the model is
consistent with the descriptive knowledge of the system. The test also looks at the level of
aggregation, the consistencies between sub-models, whether it adheres to basic system rules and
whether stakeholder decisions can adequately effect system behaviour (Barlas, 1996; Sterman,
2000).

The verification of the structural confirmation was tested separately by two experts of the Rathenau
Institute. At these meetings the model structure was discussed, including the important feedback
structures and aggregation level. The model primarily looks at the promotion of academic staff
within academicinstitutions based oninstitutional and project funding. The experts have noted that
the influence of funding will only lead to a limited representation of the academic workforce
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development. However, they agree that the structure that is implemented in the model is designed
accordingto the stakeholdersinterests andis of sufficient depth for the intended purposes. As such
detailed market side competition, quality considerations and prospective academic staff are omitted
from the model. After incorporating the valuable concepts that were discussed during these
meetings, which are described in detail in Table 9, and the verification of the restructured model it
can be concluded that the model structures is consistent with the descriptive knowledge of the
system.

BOUNDARY ADEQUACY TEST

The purpose of the boundary adequacy testisto verify if the model represents the real-world system
sufficiently and whetherthe modelis of appropriate use for the stakeholder (Barlas, 1996; Sterman,
2000). It also checks which important feedback should be included endogenously to betterrepresent
the real-world system. The verification of the boundary adequacy was tested separately by two
experts of the Rathenau Institute. Based on system knowledge and the comparison with earlier
publications and workforce development studies, important concepts were discussed. Some
concepts foundin literature, such as the American academicworkforce structure, were not included
as they did not have a academic counterpart in the Netherlands. Due to data limitations not all of
these could be included in the model. Table 9 shows the included concepts discussed during the
expert meeting. Other, more generic, system concepts have been adapted from literature and
verified during these meetings. Table 10 shows the concepts that were excluded based on data
limitations.

In Concept Implementation

Model

+/- Professor Promotion In the model the PhD candidate inflow is modelled as the
Rate number of PhD promotions professors make during their

academic career. If the reproduction of academic staff is
higher than the outflow of academic staff in permanent
positions the system will be unbalanced; more desired
positions than actual positions. As such the system will
become saturated. Note that this concepts is used in the UA
and compared with the used capacity adjustment structure.
+ Contract The accumulation of temporary contracts in the temporary
Accumulation research staff phase. In the model the contract
accumulation is modelled with subscripts of three contract
phases of 2 years showing increased contract
accumulations, as temporary staff growths while there is
not enough room in the permanent researcher phases.
+ OAS Demotivation The psychological, legal or economic pressure of postdocs
to leave the temporary research staff phase. In the model
the temporary research staff phases demotivation factor is
modelled as a linear look-up function over time to
represent this behaviour.
+ Capacity Matching With the formulation of matching mechanisms, the
proportion of openings for temporary and permanent
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functions are created. In the model the openings for the
different functions are limited by the change in capacity
based on sufficient funds and external and internal

movement.
+/- Effect of research The relationship between the research output (published
output on papers) of universities and the amount of institutional

Institutional Funding funding for research. In the model exogenous funding data
is used to drive the increase in institutional funding for
science. An switch factor (1,0) is included that could drive
the increase of research funding based on research output.

+/- Formation principle - Temporary academic staff are queuing for permanent

queuing for professor positions at universities. Arrivals to this queue

permanent positions are often young, temporary staff. Departures from the
queue are the ones that do not pass a promotion or acquire
a tenure position, become demotivated, gain contract
accumulation or retire. However there are also less-often
used ways to leave the queue. The queuing for permanent
positions is only party adopted within the model. Queuing
represents discrete events while system dynamics provides
a dynamic simulation.

+ Fund Matching Universities find it increasingly difficult to sustain their

staff for the attracted project funds. They often need more

funds to pay stipends to their staff. Therefore institutional

funding is used in support of the projects.
Table 9: Included expert meeting concepts in the SD model

In Concept Implementation

Model

- Postdoctoral As the duration of postdoctoral training increases,
Learning researchers could benefit and increase their achievements

by writing more papers, gain experience in teaching and
extend their network. As such they become more likely to
find permanent academic positions. The concept of
postdoctoral learning is not implemented in the model as
the definition of staff quality is too ambiguous and outside
the model scope.

- Benefits of For many postdocs who want to acquire a permanent
Temporary Academic position in academia the rational decision is to acquire a
Staff temporary position to gain more experience. This could

increase their chances of acquiring a permanent position.
Universities benefit from the hiring of low paid, highly
trained staff. Postdocs help professors handle more
research projects which further increases new temporary
staff. The concept of benefits is not implemented in the
model as it is outside of the model scope.

- Underemployment As more academic staff work on temporary contracts, as
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there is a higher demand for places in permanent positions
than availability, PhD graduates turn to opportunities
outside academia. Because more PhD graduates look for
work in the non-academic job market, companies will
require higher diploma standards. As such, it becomes
almost necessary to acquire a PhD for certain work that
does not require it.. The concept of underemployment is not
implemented in the model as the outside job market it
outside of the model scope.

- Fund Competition As project funding increases more research groups will try
to acquire funding. However, while there are more
competitors for the available funds some researchers will
tend to stop competing as it time consuming. The concept
effect on fund competition is not included in the model.

Table 10: excluded expert meeting concepts in the SD model

The model has all the important concepts and feedback situations incorporated in the model while
excluding some concepts that are too ambiguous or outside the model scope. While this poses
certain limitations, such as the main dependency of institutional and project funds, the model that is
created is useful for the purpose of the stakeholder.

DIMENSIONAL CONSISTENCY TEST

The purpose the dimensional consistency test is to verify if units of the model are used in a
consistent and correct manner and whether equations correspond with real-world concepts
(Sterman, 2000). System Dynamics models consist of algebraic and differential equations. These
parameters and functions can be expressed interms of units they are measuredin. Forinstance PhDs
becoming Postdocs is measured in staff peryearand Young Researcher Costis measured as euro per
staff per year. The different units used to describe the equations must be used in a consistent
manner. Otherwise these functions refer to different concepts than the equations used. The
parametersthat have no real wold meaningare modelled ‘dimensionless’. These units are acceptable
if they represent a percentage. The parameters of which no unit can be defined are also
dimensionless and are justified below. Appendix 4 shows the model formulations of the different
variables. Appendix 5 show the exogenous values and parameters.

e The effect of time on motivation
Thisvariable can be understood as a percentage of the temporary staff, with a value ranging
between0and 1, that become demotivated due to theirappointment as temporary staff and
the likeliness of attaining a permanent position. The longer they residein this stock the more
demotivated they become. This look up variable is dimensionless as it would add an
unwanted dimensions.

e The effect of project funding on competition
This variables can be understood as a percentage of the total research staff, with a value
ranging between 0 and 1, that will become active in applying for external funds due to the
increase in competitive project funding. Thislook up variable is dimensionless as it would add
an unwanted dimensions.
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Duringimplementation of the model the integrated dimension check within the modelling software
Vensim Professional was used to check dimensional consistency. After the correcting the wrong
units, only minor inconsistencies were found.

PARTIAL MODEL TEST

The purpose of the partial model testis to verify whether different components of the model can run
simulationsindependently. This also calls fora more iterative development of the model as parts of
the model can already be improved during development. Partial testingis preferableto whole model
testing for the purpose of selecting and estimating pieces of the structure. Partial model testing is
useful as a step in the process of model development and testing to maximize structural and
behaviour validity (Sterman, 2000).

Duringthe development of the model, components were built and adjusted independently of the full
model. The different components weresimulated in order to see whether the model simulated the
expected results. When the model would render errors or unexpected behaviour the model was
improved. For partial model testing the following parts of the model were analysed and run
separately and integrated fully within the model:

e PhD Candidates

e Temporary Research Staff

e Permanent Research Staff

e Research Activity and Competition
e AcademicResearch Funding

INTEGRATION ERROR TEST

The purpose of the integration error test is to verify whether the chosen integration method and
time step do not influence the model in anegative way. Different computational methods can lead to
small value differences. As these values are the starting point of other values it can have a
substantive effect on the model output.

The unit of time that is used to determine the change in academic staff is year. The smallest time
step, should be chosenin relation to the response time of variables such as delays, is 1/32 of a year
to rendersufficientaccurate results as shown in Figure 28. The integration method used within the
model is the fourth order Runge Kutta with auto adjusted time steps. This integration method is
chosen as the model does not include any discrete equations.

The test checks whether the results of the model significantly differ when a different time step
and/or integration method is used. For the test a decreased time step and the Euler method were
compared to the nominal model output. The visual inspection, shown in Figure 28, shows an
insignificant difference between the runs. The numerical results, as present in Figure 28, shows the
PhD candidate population 10 years into the simulation. It shows consistent results for all the runs,
which indicates there are not large integration errors.
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Run [2011] Result PhD candidates

Base Run [1/8 year] 8325 20,000

Half Time Step [1/16 year] 8324 15,000

Half Time Step [1/32 year] 8325 .

Half Time Step [1/64 year] 8325 # 10000

Euler Base Run [1/32 year] 8328 5000 //
Euler Time Step [1/64 year] 8326

Euler Time Step [1/128 year] 8325 01999 2003 2007 2011 2015 2019 2023 2027

Time (Year)

PhD candidates : Base Run
PhD candidates : Half Time Step
PhD candidates : Euler
PhD candidates : Euler Half Time Step

Figure 28: integration error test

EXTREME CONDITION TEST

The purpose of the extreme condition test is to see whether the behaviour of the model can be
expected underextreme conditions. With this knowledge, itis easierto reason what policy measures
are needed if such a situation would occur. For this purpose, model parameters are changed to
extreme values to perceive the system behaviour under stress. The parameters that were tested
underextreme conditions are listed below. The results accompanied with the detailed behavioural
analysis can be found in Appendix 6.

e The costs of permanent staff under extreme conditions

e The costs of temporary staff under extreme conditions

e The promotion time of PhD candidates under extreme conditions

e The contract time of temporary research staff under extreme conditions
e The residence time of professors under extreme conditions

e The number of research hours under extreme conditions

The results of the extreme condition test show expected model behaviour. However, the observed
results also highlight the effects of some uncertain parameters such as the research costs. Because
the model is constructed around the promotion chain and funding instruments, parameter changes
in researcher costing could have substantial impact on the model outcomes. While this test found
that special attention is needed to understand the influence of this parameter on the model, in
concludes that the extreme value test was successful.

SENSITIVITY ANALYSIS

The purpose of the sensitivity analysis is to test the impact of small parameter changes on different
parts of the model. The results can then be used to describe or understand the behaviour of the
system, the uncertainty space that can be used for the creation of policy alternatives and to see
potential errorsinthe model. The model can be numerically and behaviourally sensitive to changes.
The numerical sensitivity is the numerical impact of parameter changes. The behavioural sensitivity
looks at the behavioural changes in graphical output when parameters are changed. With this test
parameters could be observed that are able to reinforce or reverse the impact of a given policy. To
test the sensitivity of the model the important exogenous parameters are changed by 10 per cent
with random uniform distributions. Both the univariate, one parameter at a time, and the
multivariate analysis, combining parameter changes, will be conducted. The sensitivity cycle, as
shown in Figure 29, is followed to perform the tests.
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Phase 1
Indentification
of Key Criteria

(Y)

Phase 2 Phase 3 Phase 4 Phase 5
Parameters to Model Adaption Simulate Interpret
Change (X) for use Sensitivity Runs Results

\ 4
A4
A4

A4

Figure 29: : Phases in Sensitivity Analysis

In phase 1the key criteria, on which the model will be tested, have to be identified. These are the
key performance indicators and relevant secondary variables. The main components of the this
model are the promotion chain, the funding for science and the research activity of researchers. In
phase 2 the parameters that will be changed during the sensitivity analysis have to be determined.
Based on system analysis and expert interviews 14 parameters have been selected due to their
uncertainty, because they can be influenced by actors in the system or because they represent a
componentwithinthe system that has these properties. These variables can be foundin Appendix 5.
In phase 3 the system dynamics model is adapted to facilitate the sensitivity analysis. The internal
Vensim mechanismsis used to conduct these experiments. In Phase 4the model both the univariate
and the multivariate analysis are conducted. Then, in Phase 5 the results are interpreted. The
detailed results can be found in Appendix 7.

The results of the univariate sensitivity analysis show that the model is relatively robust against
parameter changes, making it only numerically sensitive to most of the alterations made. The
parameter changes that have more impactare analysedinthe Appendix. The main results show that
the Basic Reproduction Number and the Professors Costs have a significant numerical sensitivity,
which can raise questionsregarding model validity of these integrated concepts. Changes of 10 per
centin these numbers have animmediate effect on population changes. While this does not need to
be considered as a flaw in the model, it is important to notice this impact. The results of the
multivariate sensitivity analysis show that, even with a combination of parameter changes, only
numerical sensitivity takes place. Howeveritisimportantto keep in mind that for policy testing, the
alteration of numerous exogenous variables, has a bigger numerical impact on the model.

MODEL CALIBRATION

The purpose of model calibration is to create a match between the observed and simulated model
behaviour. The background theory of the science system has been formulated in previous chapters. It
provides the information needed to create the system structure and incorporate decision policies
that generate the observed behaviour. The modelisthe conveyor of the theory, creating the relation
between the structure, capturedin equations, parameters and model concepts, and the behaviour,
captured in simulation output. However, for any given system there could be more than one
interpretation of the structure to compute the observed behaviour. Therefore, modelcalibration can
alsobe usedtotestwhetherthe theory links the structure to the observed behaviour of the system
(Oliva, 2003). The detailed results can be found in Appendix 8.

The model calibration test was performed and the results were compared to the observed historical
data. Several model adjustments were made to compute robust model behaviour:(1) the substitution
of the researcher costs, corrected by inflation, with afunding scheme thatisfair-value based, (2) the
substitution of a stock-flow funding structure to asingle variable based funding structure and (3) the
parameter correction of promotions within the permanent phase. The results show promising
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behaviour, but the representation of the observed behaviour remains limited. Additionally, the
calibration test computes different behaviour when parameters are changed within the uncertainty
range. This suggests that the incorporated concepts, variables and parameters do not completely
describe the system under study and other interpretations, both methodological and structural,
could also describe the system.

BEHAVIOURAL PATTERN TEST

The purpose of the behaviour pattern testsis to make a comparison between the historical data and
the model results. Toserve this purpose, the R square and Mean Absolute Percentage Error ( MAPE)
metrics are used. The R squared metric, which is also called the coefficient of determination, is a
statistical measure of how close the historical data is to the model data. The coefficient of
determination ranges between Oto 1, inwhich 1is the bestfitin comparison with the historical data.
The definitionis shown below, in which Atisthe actual historical value, Ftisthe forecast model value
and Am is the mean of the actual historical values (Cameron & Windmeijer, 1997).

n 2
2 r=1(At—Ft)

2 _qQ_Z=t=1 " 7
R =1 Yo (At-Am)?

(6) R-squared metric

MAPE is also a statistical measures that determines the average error between the forecast model
value and the historical value. It expressed the accuracy as a percentage, asis defined by the formula
below. Here At is the actual historical value and Ft is the forecast model value (Cameron &
Windmeijer, 1997).

At—Ft| (7) MAPE Metric

M=- > |
At

t=1

While the MAPE metricis used to show the percentage of errorbetween the data, R squared is used
to see the fit in terms of patterns. The use of both of the metrics will finally give a better
understanding whether the model is fit for purpose. The metrics are used for five different key
performance indicators, which comprises the whole promotion chain. The historical data, that have
been found, range from 1999-2014 and is adopted from VSNU WOPI-publications. The numbers
found in the dataset between 1999-2004 and 2005-2015 are for numerous reasons not completely
comparable and are dealt with and explained in Chapter 2. Table 11 shows the result of the tests.
The yearly numbers and the graphical comparison of the data can be found in Appendix 9.

Based on the described data limitations a comparison can be made between the different stages of
the academic careerin the period 1999-2014. The historical data shows that the model is only able
to limitedly replicate the historical data. Alsothe graphical comparison, as shown in Appendix, does
reproduce the same type of behaviour as the historical data. As such, it can be assumed that the
model does have some comparison with the real-world system.
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R Square Mean Absolute Comments
Percentage Error
PhD 0.97 1.0% The results show that the capacity mechanisms
Candidates structure is able to replicate the historical
observed behaviour of this phase. Both the R
square and MAPE metric compute excellent
results.
Temporary 0.49 30% The reason for havinga low R square value for this
Research variable is due to the modellers choice of making
Staff this phase directly linked to the funding and not
based choice mechanisms. It therefore follows the
volatile behaviour of the capacity adjustment.
Assistant 0 99% The reason this phase has a very low R square
Professors value is due to the direct influence by TRS phase
and the volatile nature of the historical datawhich
the model does not replicate. While it does not
follow the exact numerical output, comparative
model behaviouris observed.
Associate 0.37 39% For associate professors this number is low as it
Professors doesnotfit the observed behaviour. Thisis caused
by the positioninthe chain with other phases that
do not exactly follow the observed behaviour.
Full 0.74 14% For full professors the r square and MAPE metric
Professors are relatively good. In the graphical comparison
the same behavioural patterns are followed.
Research 0.65 19% For research publications a similar pattern to the
Publications historical observed behaviour is found.

Table 11: Behavioural Pattern Test Results

7.3 CONCLUSION

Based on the verification and validation tests it can be concluded that the model is only of limit use
for the intended purpose. With all the necessary structures and concepts in place, and the model

behaves well under stress and parameter changes, there are too many differences in comparison
with the historical values. This suggests that there are additional structures that need to be included
to make this model more useable. This could be promotion considerations and a more precise

mechanism to describe the influence of funding. While the data does notreplicate the historical data
accurately it does show the same patterns of behaviour. Is some cases this behaviour was initiated

before orafterthe historical datainitiated change. This could suggest another mechanism that is not
included. However, as behavioural patterns are observed, the model is usable to test policies under
different conditions.
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8. SIMULATION RESULTS

The development of a mathematical model for system analysis is a process that improves the
knowledge of the underlying system. An additional use of the model is the possibility to simulate a
number of policy scenarios and examine the model responses to such changes. The aim of this
chapteris to presentthe results of the modelling process and explore a number of (counterfactual)
policy measures that will answer ‘what if’ questions, that have been raised during expert meetings
and system analysis. Section 8.1 will explain the behaviour of model under the ‘business as usual’
scenario with the existing policy measuresin place up until 2029. Section O will then be dedicated to
the exploration of policy experiments. Section 8.4 will then extentthe model beyond the 2019 range
by performing a scenario analysis. The parameter uncertainties that have been identified are then
usedto testthe policy experiments until 2029. For showing the simulation results the following KPIs

are used:
Key Performance Indicator Unit
Temporary Research Staff Staff
Permanent Research Staff Staff
Ratio of Temporary to Permanent Staff  Dmnl
Staff Turnover Dmnl
Research Output Publications/Year

8.1 BASE RUN SIMULATION

Appendix 7shows the simulation results and compares them with the historical trends from the data.
As the model is quite successfulinreplicatingthe observed behaviour of the system, this section will
be dedicated to the explanation of observed trends in the base run simulation. The graphical
representation of the model KPIsand otherrelevant variables will be shown and explanation of the
behaviour will be made.

PHD CANDIDATES

Figure 30 (a) and (b) show the simulation results of the numberof PhD candidates and the inflow to-
and outflows fromthe PhD phase: PhD Hiring, PhD leaving Academiaand PhD promoting. The figure
shows the rapid growth of PhD candidates until 2015, followed by a stagnation towards 2029. For the
initial rapid growth towards 2015 two driving forces can be distinguished: the introduction of the
PhD provision and the reinforcing behaviour of the promotion committee. The PhD provision, a fixed
sum based on the number of graduated PhD candidates, became an additional incentive to hire in
the nineties. After all universities started to adopt this measure, this measure lost some of its
potential, hence the stagnation of PhD candidates as of 2005. A secondreason for the growth is the
number of PhD candidates professors are willingto promote during their active careers. Growth as of
2020 is based on the forecast “stable governmental research funding support” as defined in the
specification phase. Anotherthingto observe is that the rate of PhD candidates leaving academia is
largerthan combined promotion rate. Only 30 per cent acquires an additional position in academia.
Furthermore, the number of PhDs that find a faculty position is relatively low, but the number of
PhDs who choose to exit the promotion chain to work outside academia is increasing.
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PhD candidates Selected Variables
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Figure 30: Base Run Simulation Results: (a) PhD candidates and (b) Inflow to and outflows from the PhD phase

TEMPORARY RESEARCH STAFF

Figure 31 (a) shows the simulation results of the numbertemporary research staff. The figure shows
an initial decline followed by rapid growth towards 2015, after which the growth is stagnating
towards 2029. The initial decline, whichis consistent with the observed historical data, is caused by
the transition in staff data as described in Section 2.1. The rapid growth towards 2015 is caused by
the increasing focus of temporary staff in academia. This focus change is caused by the increasing
dependency on private and competitive research funding. Asresearcherinstitutions are less likely to
acquire these funds, they are more likely to hire temporary staff over permanent staff. The growth
stagnation, is caused by the expected stagnationin public research funds and uncertainty about the
private research funds. Figure 31 (b) shows the inflow to- and outflows from the TRS phase: TRS
Hiring, TRS leaving Academiaand TRS promoting. Note that the temporary research staff that leaves
academia is increasing over time while TRS that are promoted are decreasing. This shows the
decreased likeliness of acquiring a permanent faculty position which is caused by the focus on

temporary staff.
Temporary Research Staff without Subscripts Selected Variables
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Figure 31: Base Run Simulation Results: (a) Temporary Research Staff, (b) Inflows to and outflows from the TRS phase

Figure 32 (a) and (b) show the simulation results of the average residence time and the turnover of
temporary research Staff. As the likeliness of acquiring a faculty position is decreasing over time
researchers accept new temporary contract and remain in this phase longer. They either remain,
become successful in acquiring a faculty positions, or become demotivated and leave academia
behind. Asthe average residence time increases more researchers will find work outside academia
which can be seen in Figure 32 (b). While this can lead to temporary contract accumulation and
uncertainty, it leads to a lower staff turnover which can be good for the overall expertise of the

workforce.
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Figure 32: Base Run Simulation Results: (a) average duration of TRS phase (b) turnover temporary research staff

As describedin Section 6.3, the TRS segmentis constructed around three contract phases which staff
members can follow in the hope of acquiring a permanent position. Subscripts are used within the SD
model to drive this behaviour, with the expectation to explore the behaviour under different
contract terms as proposed by the policy makers (OCW, 2014). Figure 33 (a) shows the TRS over the
different phases. Most TRS remain in the first phase for one contract term and are either promoted
or decide to leave academia, which is consistent with the data in the TRS position (Goede et al.,
2014). Figure 33 (b) showsthe transition between the three phases by the aging variable. Note that
the amount of researchers moving towards the second phase are significantly larger than the ones
moving towards the third phase.
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Figure 33: Base Run Simulation Results: (a) TRS with subscripts (b) the aging TRS population

PERMANENT RESEARCH STAFF

Figure 34 (a), (b) and (c) show the simulation results of the permanent research staff in the assistant,
associate, and full professor phases. The number of assistant professors decreases substantially in
the firstyears, due to the emphasis of attracting temporary staff instead of permanent staff, which
represents the behaviour of the historical data, and the decrease in institutional funding and
stabilises from 2010 based on institutional funding. Also the number of associate professors
decreases over time until 2019 after which it stabilises under the influence of the stabilising
institutional funding. The professor phase grows over time after which is stabilises from 2015
onwards. The professor phase seems to be unaffected by the decline and stabilisation of institutional
research funds. This hastwo reasons. First, the permanentresearch staff phases are rather statically
organised and modelledin correspondence with the actual situation (De-Jonge-Akademie, 2010). The
flow overthese phasesis dependent ona number of fractions and residence times that are constant
overtime. Second, the researchers within these phases work under permanent contracts making it
unlikely for them to move involuntarily. Thus the researchers already working in these phases can
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stay until theyretire. Because the overall residence timeis on average 25 years, and the total running
time of the model is 30 years, professors are initially barely effected by the change in funding. Figure
34 (d) shows the inflows to and outflows from the permanent researcher phases. One of the things
to observeisthe relatively stable outflow overtime and the more volatile inflow of permanent staff
with goal seeking behaviour. This shows that the model reacts quickly to capacity adjustments, but
overshoots severaltime untilit reaches stability. This could suggest thatalong-term humanresource
strategy is needed when dealing with changing funding regimes.
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Figure 34: Base Run Simulation Results: (a) Assistant Professors, (b) Associate Professors, (c) Full Professors and (c)
Inflows to and outflows from the permanent faculty positions

STAFF SIZE AND TURNOVER
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Figure 35: Base Run Simulation Results: (a) distribution and (b) turnover of academic staff

Figure 35 (a) shows the increase of academic staff and the distribution between temporary and
permanent staff over time. It shows the increased focus on temporary staff, which increases
significantly over time, in comparison to permanent staff, which is relatively stable. Figure 35 (b)
shows the turnover of academicstaff, whichis a representation how often the total research body is
renewed, thatincreases over time suggesting that staff leave academia at an increasing rate. This is
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caused by the increasing residence time of temporary positions that want to acquire a permanent
position, but wait and leave due to capacity issues.

RESEARCH FUNDING & ACTIVITY

Figure 36 (a) shows the expected growth of institutional, project and total funding for publicresearch
organisations towards 2029. Numbers are based on fairvalues and extrapolated overtime. Appendix
8 describes the process of transferring nominal to fairvalues and the extrapolation process. The total
amount of the yearly academicresearch budgetisincreasing under the influence of private funding.
Note that from 2016 it is expected that more funds are obtained from secondary and tertiary sources
than from direct sources. Figure 36 (b) shows the number of dedicated research hours per
researchers. One of the first expected observations is the decrease in productivity caused by the
increased competition forfunds. As more research groups want to acquire additional funds, less time
isdedicatedto their core research activities. Figure 36 (c) shows the amount of research publications
that increases significantly overthe years underthe influence of the increasing temporary workforce,
that conducts research for less costs. The stagnation towards 2029 is caused by the stagnation of
expected private research funds. Figure 36 (d) shows the average residence time for a researcher
that follows the whole promotion chain, which is relative stable overtime. This seems to suggest that

the current policy and funding system does not influence the residence time but the turnover of
academic staff.
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Figure 36: Base Run Simulation Results: (a) Funding, (b) Researcher Productivity (c) Research Publications, (c) Turnover of
Academic Staff (c) Total Residence Time
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8.2 PRINCIPAL-AGENT THEORY IMPLICATIONS

After the model is created, and the base run simulation is analysed, policy experiments can be
conducted to perceive the behaviour of different policies on the workforce development. However,
with the introduction of the principal-agent problem in section 4.2, that analyses the relation
between the government and the science system, some model observations have to be made.

Science policies are created to balance the interests of the principal [government] and the set of
agents [researchers]. Researchers tend to desire autonomy within the lowest organisational layer
and the government has often subscribed this idea. This works, when one assumes that the expertise
and knowledge of researchersis related to the needs of society. However, as analysis have indicated
insection 4.3, thisis often not the case. The purpose of creating science system policies is to stabilise
this on-going agent-principle problem. Because the perception among actors can change, the
government constantly adapts its policy structure,inthe hope toincrease its socio-economicreturns.
Additionally, national research councils have mediated the gap between the principal and the agents,
by presenting the political and policy interest in the academic world and promote the academic
interests in the policy world. To a certain extent, this will bridge the gap between the conflicting
interests and align the perceptions of the academic, policy and societal world. However, the principal
agent problem also creates limitations on the validity of the model results.

Because not all real-world concepts and all perceptions of these concepts can be included in the
model, reality needs to be deduce. The SD model is now created around the governmental
perception of the science system, which is justified in section 2.4, as the SD methodology can only
equip one model representation. The structures, which are included in the model environment, are
primarily top down. The principal expects to be able to structurally enforce regulation on the science
system. However, due to information asymmetries and knowledge gaps, policies can be created that
do not have the desiredimpact. Therefore, the policy experiments, conducted in the next section,
could prove ineffective. Thisis partly mediated by performing the uncertainty analysis, conducted in
section 8.4. There, multiple uncertainties will be explored and tested upon the model environment
and conflicting perceptions and values on the model structure can be tested and compared to see if
it computes different behaviour.

These uncertainties can further be mitigated by creating a multi-method approach, which combines
the top-down and bottom-up perception of the science system. Exploratory Modelling and Analysis
(EMA) can be usedto analyse the deep uncertainty about the perception of the system within the SD
framework. Agent-Based Modelling (ABM) can be used to describe the bottom-up perceptions and
the behaviour of individual researchers within the system. These methods are intentionally left
outside the study scope. Reflections and discussions on these promising methods can be found in
section 9.2.

Not all policy and model uncertainties can be prevented. Therefore it is important to define the
usefulness of the model. The model focusses on the perception of the policy-maker and does not
incorporate all perception in the model. First, the model can be used for strategy development by
perceiving the global behaviour of policy measures. Second, the model can be used to see where
policy interventions could create counterintuitive orwrongbehaviour. Third, the model can be used
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to see how the different organisational layers and concepts interact. With this knowledge, additional
understanding of the science system is created.

8.3 PoLIcY EXPERIMENTS

This section will be dedicated to the exploration of a number of policy scenarios that will answer
‘whatif’ questions. The mainfocusisonthe implementation or absence of policies regarding career
opportunities and career funding. Since the model consist of many policy parameters, this analysis
will limit itself to changes in parameters that decision-makers within the government can actually
make. Firstthe modelis used to examine the effects of three hypothetical policies: (1) the increased
focus on competitivefunding; (2) the increased focus oninstitutional funding and (3) the implications
of a non-fixed retirement age. Then model is used to examine the effects of two governmental
proposed policies: (4) the effect of capping the duration of the TRS phase at 4.5 years; (5) and the
effect of changing the financial stability from 1to 3 years. These policy measures are listedinin Table
12. The + and - signs refer to the variable going up or down and does not necessarily suggest any
connotation asthisis depends onthe perception of the actorsinvolved. The operationalization of the
simulation experiments can be found in Appendix 7. Every policy alternative will be introduced
before the simulation results are presented. The policy experiments will be initiated from 2015
onwards

Policy measures

Simulation Experiments Temporary Permanent Ratio of Temporary Staff Research
P Staff Staff to Permanent Turnover  Output

(1): Focus on competitive

: + -- + + +
funding
(2): Focus on institutional

) -- + - - 0
funding
(3): Non-Fixed retirement age 0 0 0 - 0
(4): Cappingduration of TRS- 0 N ++ N
phase at 4.5 years
(5): Longerfinancial Stability - - 0 0 -

Table 12: Six simulation experiments and directions of their effects on different policy measures

The simulation runs are shown in the figures belonging to that policy experiment. The base run,
indicatedinred, represents asituation with no policy changes. The blue line represents the im pact of
the policy change over time. As such, different variables can be compared.

THE Focus oN COMPETITIVE FUNDING

Traditionally the science systeminthe Netherlands was focused on institutional funding. Nowadays
the different funding regimes are distributed over the science system and no form is dominant.
Otheracademicfunding systems, such asthe one existingin the US, work primarily with competitive
research funding. There, the amount of funding is predetermined and allocated based on research
proposals. If the focus of the Dutch government would be in favour of this regime, it could have a
substantial impact on the workforce development and research output.
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In the model the distribution between institutional and competitive funding is changed from 2015
onward with an expected shift of 500 million euro toward competitive funding. A smooth function is
used to simulate the gradual shift in funding over time. The operationalization of this simulation
experiment can be found in Appendix 7.
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Figure 37: Simulation Results Competition Focus: (a) decrease in temporary researchers (b) the increase of permanent
researchers (c) increase in total academic staff (d) increase in turnover in academic staff

Figure 37 shows the simulation outcomes for this policy experiment. The result are counter intuitive
and contrary to initial expectations. It was expected that more competitive funding leads to an
increased focus ontemporary staff. Because stipends are lowerin temporary staff positions, the total
amount of academicstaffisincreasing. Because temporary staff often works on temporary positions
the turnover of staff, the fraction that is renewed on a yearly bases, is increasing consequentially.
However while this was expected, the increase in staff does not necessarily lead to more research
activity of the workforce as shown in Figure 38, which has two reasons. First, temporary research
staffis expectedto be less efficientin producing research due toinexperience and other obligations
(van Drooge & de Jong, 2008). Second, the increase of competitive funds has consequences for the
research productivity (Gomez Diaz, 2012). As there are more project funds available, more
researchers will compete with each other to acquire these funds. This will lead to a decrease in
productivity of researchers as more time is consumed for writing project proposals.

The results suggest that having a more competitive funding structure does not necessarily lead to

more productivity. However, the modelis notsuitable for testing the quality of the newly produced
work.
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Figure 38: Simulation Results Competition Focus: (a) insignificant increase in research activity and (b) insignificant
increase in research publications

THE FoCus ON INSTITUTIONAL FUNDING

Traditionally the science systemin the Netherlands was focused on institutional funding. Under the
increasing pressure of conducting research to benefit society, the government adopted competitive
funding regimes. If the government would restructure the system and focus on the institutional
funding it could have a substantive impact on the workforce development and research output.

In the model the distribution between institutional and competitive funding is changed from 2015
onward with an expected shift of 500 million euro toward institutional funding. A smooth function is
used to simulate the gradual shift in funding over time. The operationalization of this simulation
experiment can be found in Appendix 7
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Figure 39: Simulation Results Institutional Focus: (a) increase in temporary researchers (b) the decrease of permanent
researchers (c) decrease in total academic staff (d) decrease in turnover in academic staff
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Figure 39 shows the simulation outcomes for this policy experiment. Mainly permanent researchers
benefit from an institutional based funding regime. The turnover of academic staff also increases
overtime which suggestthatinstitutional funding makes the workforce more static, especially in the
permanent phases. In terms of productivity as shown in Figure 40, the workforce produces almost
the same amount of research output. This suggest that in a stable environment, where researchers
do notneedto worry about acquiring funds, they can work harder and more efficient. However, the
model is not able to show detail on the research quality and whether the research has impact on

society.
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Figure 40: Simulation Results Institutional Focus: (a) insignificant decrease in research activity and (b) insignificant
decrease in research publications

NON-FIXED RETIREMENT AGE

Many permanent faculty member at universities enjoy the rare job benefit of having a contract for
life (Larson & Gomez Diaz, 2012). If temporary researchers successfully navigate the hurdles of
reappointment and promotion, and become a permanentresearcherthey enjoy job security until the
retire. The only way to leave academia is voluntarily or to retire at the age of 65. However, in many
countries the mandatory retirement age has been prohibited all together. The philosophy behind this
isthat individuals should not be judged for their age but for their skills and knowledge. However in
researchinstitutions, where permanentresearchers enjoy apermanentappointment for life this can
have some consequences. Inthe model the retirement age of professors is changed from 65to 75in
2010 and smoothed over a period of 10 years. Figure 41 and 42 shows the simulation results.
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Figure 41: Simulation Results Non-Fixed Age: (a) decrease in permanent researcher hiring (b) decrease in permanent
researchers leaving

The results show that the number of permanent researcher hiring starts declining in 2010 from
around 1500 until reaching a new equilibrium around 900. The hiring behaviour reflect the faculty
exit rate, which is also decreasing over time. The number of years that researchers stay in a

82



permanent position increases from 24 in 2010 until finding a new equilibrium around 34, a decade
after the policy change is initiated. And most importantly, the number of permanent researchers
starts to increase once the policyis initiated and then starts to decrease gradually until it returns to
the target permanent capacity.

Permanent Reseachers Turnover of Academic Staff

9000 3

8500 275
£ 8000 P

7500 295

7000 )

1999 2003 2007 2011 2015 2019 2023 2027 -1999 2005 2007 2011 2015 2019 2023 2027
Time (Year) Time (Year)
Permanent Reseachers : Non-Fbed Retirement Age Turnover of Academic Staff : Non-Fixed Retirement Age

Permanent R :Base Run Tumover of Academic Staff: Base Run

Figure 42: Simulation Results Non-Fixed Age: (a) number of permanent researchers and (b) the decrease in turnover of
academic staff

Due to the elimination of the mandatory retirement age, in 2029 an additional 200 positions a year
become unavailable for temporary researchers or other individuals outside academia. Percentage
wise this is a decrease of nearly one third of the total of 700 a year.

CONTRACT TIME AND TERMS

Withthe emergence of temporary project funds, there has been an increase in temporary research
staff at universities. Professors often apply forthese project funds through a process of competition.
Theirstipends are often paid, so the project funds are used to acquired additional staff to aid in the
project work. However, with the increase of funding perverse behaviouremerged (Ghaffarzadegan et
al., 2014). As project funds are often only used for a short duration it was often more interesting to
hire temporary staff on short contracts. This hasincreased the turnover of temporary research staff.
The governmentwantto reduce this behaviour by allowing only little contract accumulations; from
six year on 3 temporary contracts to 4.5 years on 2 temporary project. In the model the contract
termis analysed and adjusted.
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Figure 43: Simulation Results Contract Terms (a) base run temporary research staff and (b) temporary research staff with
duration cap

The results, asshownin Figure 43, show that a decrease in contract time leads to a different ordering
of research staff overthe different contracts. The base run shows three different contract terms of 2
years. With the decrease of the contract terms to two and the maximum amount of residence time
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to 4.5 only the ordering with the TRS phase changes. The number that will just have one contract will
decrease. However the number of research staff in the second contract will increase substantially.
Overall, the total number of temporary research staff will not increase dramatically. However, the
turnover increases substantially as shown in Figure 44.
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Figure 44: Simulation Results Contract Terms (a) aging in contract phases and (b) turnover of temporary research staff

The results suggest that the change in contract terms does not decrease the number of temporary
research staff in Academia, more the contrary. With the decrease in contract terms the in- and
outflow of temporary staff will further increase. Not only does the system become unbalanced, it
alsoleadsto an additional flow of newcomers that are often less qualified as contracts of qualified
staff cannot be renewed.

LONGER FINANCIAL STABILITY

The governmentwants toincrease the financial stability of publicresearch organisations by allowing
themto balance theirfunds overthree consecutive years. This will enable them to mitigate p ossible
funding deficits in some years by using funding surplus of other years.

Total Temporary Researchers Permanent Reseachers
20,000 9000
15,000 8500
=
£ 10,000 i 8000
5000 7500
0 7000
1999 2003 2007 2011 2015 2019 2023 2027
1999 2003 2007 2011 2015 2019 2023 2027 Time (Year)
Time (Year) .
Total Temporary R - Base Run Permanent Reseachers : Bgse Run -
Total Temporary Researchers : Financial Stability Permanent Reseachers : Financial Stability
Research Publications Turnover of Academic Staff
60,000 2
55,000 175
g &
g 50,000 S .15
45,000 125
40,000 A1
1999 2003 2007 2011 2015 2019 2023 2027 1999 2003 2007 2011 2015 2019 2023 2027
Time (Year) Time (Year)
Research Publications : Base Run Turnover of Academic Staff : Base Run
Research Publications : Financial Stability Turnover of Academic Staff : Financial Stability

Figure 45: Simulation Results Financial Stability (a) Temporary Researchers, (b) permanent researchers, (c) Research
Publications and (d) Turnover of Academic Staff
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In the model this policy is implemented by using a smooth function for 3 years for all funding types.
The results of this test can be found in Figure 45. The results only show significant behaviourin the
2019-2029 timeframe. This suggests that from 2019, when the amount of funding obtained becomes
uncertain, organisations are more likely to hire additional permanent staff members than temporary
staff members. Thisis expected, as financial security gives universities the incentive to hire additional
permanent staff.

8.4 UNCERTAINTY ANALYSIS

Here, the uncertainties that were identified in section 6.5, will be analysed with the use the Monte-
Carlo method which can be used to model a realistic uncertainty range within the SD model. The
focusis onthe uncertainty that have impact onthe systemand policy outcomes that were identified
during analysis of the system and interviews at the Rathenau Institute. The detailed results of the
uncertainty analysis can be found in Appendix 7.

INPUT UNCERTAINTY: PROMOTION OF FACULTY MEMBERS

The permanent researchers segment of model is constructed around the static perception of the
permanent faculty staff. The inflow, promotion and outflow of staff is based on fractions and time
units that remain stable throughout the model run. Here, the parameters are simulated over a
realistic range of variables to perceive the impact of these input uncertainties.

First, the focusis onthe average residencetime these positions. The average numbers are computed
by using the WOPI numbers found within VSNU database as shown in Appendix 4. Two sources are
combined to obtain a realistic uncertainty range on which the model will be tested: (1) the individual
residence time of the different permanent positions and (2) the total residence time of the
permanent research career (Goede et al., 2014; Larson & Gomez Diaz, 2012). The UA results for the
individualresidencetime, based on a multivariate analysis, show relatively large uncertainty in the
individual stages but marginal uncertainty in the total permanent staff variable. This suggests that
the uncertainty affects the distribution of staff over the phases but does not create additional room
as the turnover in this UA does not show more uncertainty than in the SA. However this time the
margins were larger, the normal distribution was used and the uncertainty range was realistic. The
UA results forthe total average residence time show expected uncertainty margins: the uncertainty
in staff is marginal, however there is substantial uncertainty in staff turnover suggesting that the
residence time is turnover based and not staff number based. This means that when the residence
time changesthe in- and outflow of staff increases but the total amount of room does not. Because it
isthe distribution that changes and only realisticuncertainty margins were found in literature about
the total residence time, uncertainty forthe total residence time will be used for the combined UA in
a later stage. Figure 46 shows the important graphical outcomes of this UA.

Second, the focusis on the different factions that decide for the promotion in this model segment.
These fractions are computed by using the WOPI number is the VSNU database as shown in
Appendix 4. Here a random multivariate uniform distribution is chosen with a percentage rage, as
limited dataisavailable to obtain arealisticuncertainty range. These uncertain fractions show to be
limitedly sensitive to changes as seen in Appendix 7. The distribution seems to shift, however the
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turnover is less affected by the fractions. This suggest that these fractions, while being uncertain,
prove to exert limited behavioural change in the observed variables.
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Figure 46: Uncertainty Analysis — total permanent residence time: (a) Permanent staff and (b) Staff turnover

Finally the combination of these uncertainties will be tested on the SDM environment. Generically,
the combined US for the promotion of faculty members show the same results: large uncertainty in
individual stages, average uncertainty in staff turnover and relatively little uncertainty in the total
amount of staff and insignificant uncertainty in research output as shown in Table 13. Here ++ is
medium-, +is shallow- and 0is marginal uncertainty.

Uncertainty Impact

Individual Total

Input Uncertainty Ratio of Temporary Staff Research
Experiments Permanent Permanent to Permanent Turnover Output
P Staff Staff P
(?): Individual Residence o N 0 " 0

Time
(?): Combined Residence . 0 0 - 0
Time
(3): Promotion Fractions ++ + 0 + 0
(4): Combined Experiment ++ + 0 + 0

Table 13: Input Uncertainty: Promotion of Faculty Members Impact

The general conclusion of this UA is that changes in input margins primarily affect the distribution
and promotion of permanent staff members which seems to be consistent with the promotionin the
academic system. However, changing uncertainty margins does not affect the ratio temporary to
permanent researchers, nor does it affect the research output. The academic career changes in
length [residence time], changing the staff turnover, making it more or less likely to attain a
permanent position. This seems to suggest that this uncertainty will not compute different
conclusions when included in the policy experiment section.

STRUCTURAL UNCERTAINTIES

There are many views on how reality should be conceived and incorporated within the created
model. Here the structural uncertainties will be analysed by comparing the nominal model states to
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the model states when the structureis altered. The focus, as described in section 6.5, will be on PhD
promotion, TRS promotion and research funding and publications. Generic results can be found in
Table 14 where ++is a medium-, +is a shallow- and O is a marginal uncertainty.

First, the capacity mechanism will be substituted with a reproduction rate, asshowninsection 6.3, to
create a model segment that reacts to behaviour change. The BRN fraction is calibrated and
guantifiedto 10 [dmnl] tofitthe observed historical data. The BRN computes different behaviourin
all stocks. Howeverthisis expected with astaticexogenous parameterin comparison with a dynamic
variable. The ratio of temporary to permanent staff and the research output only limitedly alters by
this structural change, which suggests that both approaches will compute equal behaviourovertime.
Additionally, the turnover of academicstaff seemsto be more stable with a reproduction rate. With
the BRN calibrated, it computes equal behaviour to the historical observed behaviour of the PhD
stock. However in other stocks it leads to historical inaccurate behaviour. Therefore, while both
mechanisms do not lead to significant different behaviour, the capacity mechanism show the best
behaviour of all the stocks when compared with the historical data.

Uncertainty Impact

Structural Uncertainty

, Numerical Behavioural Model Impact Policy Impact
Experiments
(1): PhDPromotion ++ ++ + 0
(2): TRS Promotion + 0 + +
(3): Research Funding & N N 0 N

Publications

Table 14: Structural Uncertainties

Second, the residence time of TRS as a chance mechanism is substituted with a quality indicator to
become a permanent faculty member. Results show that only the TRS is affected by this structural
change. Again, only the distribution between the contract phases is changed by this changing the
structure. Specifically, because alongerresidence time equals quality, more researchers te nt to stay
longerin this phase making the total residence time more uncertain.

Third, the increase infundingthatis now endogenous to the system based onthe desired number of
publications is substituted with an exogenous variable that creates growth projections over time.
Results show that from 2020 onwards additional funding is needed to satisfy the call for research
output. This suggests that either other exogenous funding growth predictions are needed or the
model should include economic and political parameters that endogenously describe the possible
increase in PRF.
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9. CONCLUSIONS

The purpose of this study was to design a model that could describe and explain the academic
workforce developmentin the Netherlands overtime and create atool that could be usedina policy-
making process. By answering five sub-questions the main research question will be answered. Based
on the study findings, recommendations will be made. In Section 9.1 the research questions will be
answered. Section 9.2 further describes and discusses the contributions, limitations and
recommendations of this thesis work.

9.1 ADDRESSING THE RESEARCH QUESTIONS

The aim of this study was to address the main research question:

“How can career and funding policies affect the development of the academic workforce in the
Netherlands over time?”’

To answer this research question the Dutch academic career system was analysed and a System
Dynamics model was made. The following five questions have been answered to provide a
conclusion to the main research question.

THEORY
1. What are the main mechanismsinthe science systemthatinfluence the development of the
academic workforce in the Netherlands?

The academicworkforce development system consists of five consecutive positions in which
a young researcher matures and becomes professor. The promotion and development of
academicstaffisinfluenced by multiple mechanisms, both financial and contractual, and by
actors such as policy-makers, advisory bodies, HR departments and individual researchers. In
thisenvironment, perceived as an on-going Principal-Agent game, the government wants to
influencethe workforce developmentand output of the science system. In the best interest
of the stakeholder and with the understanding of different normative perceptions that exist,
a top-down governmental policy approachis chosen as the point of departure for this study.

The main policy instrument that influences the development of the academic workforce is
public research funding. Traditionally, these funds were allocated to public research
organisations without an incentive scheme. The government could not exercise control over
the research area, the research approach and the research outcomes. This could create
research that was not beneficial to society. Inlight of the information asymmetries between
policy-makers on top and professionals on the work floor, the government introduced
competitive funding regimes: performance agreements [ex-ante] and performance based
funding [ex-post], trying to increase research quality while incentivising research behaviour.
Additionally, the government introduced contractual and financial agreements to stabilise
financial and career uncertainties of publicresearch organisations and individual researchers.
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However, it is not known how the policy changes affect the workforce development and
research output over time. Because the science system is too complex to analyse with the
use of implicit mental models, a new method perspective is needed that could adequately
analyse the relation between the introduced policy instruments and the effects on the
workforce.

METHOD
2. Which method can be used to adequately analyse and understand the complexities of the
academic workforce development in the Netherlands?

The science system has changed substantially over the years. Many policy instruments have
been enacted to deal with the changing environment. To assess the impact of these changes,
many studies have been published. The main focus of these studies was either qualitative,
with the use of interviews or surveys, or quantitative, correlation based using comparative or
statistical methods. However, these studies analyse the system from a static perspective.
Moreover, it perceives the behaviour of actors, and their interaction, both in governmental
and operational layers as staticand unchangeable overtime. This does not suffice when the
system understudyis a complex collection of partially connected sub-systems that interact
and changes over time.

Concepts such as time delays, accumulations and non-linearities all have to be taken into
account if policy makers want to make sense of their enacted policies. Studying these
complex linkages at various parts of the system can be a time-consuming, costly and, insome
cases, practically impossible task. Due to these constraints, modelling the system and
simulatingthe problemfield is the only realistic way to test the system on policy behaviour.

To understand and analyse the effects of policy measures on the development of the total
academicworkforce inthe Netherlands an aggregated system perspective has to be adopted.
This calls for an abstract modelling method that does not look at detail but perceives the
system from a strategic level. System Dynamics is an adequate modelling method to tackle
the research question as it can incorporate the different concepts of the science system, its
inherent complexities, its continuous interaction and the impact of policy measures over
time from a strategic level.

ANALYSIS
3. What is the relation between career and funding policies and the academic workforce
development and research output in the Netherlands?

The exact relation between funding and academicworkforce development is near-impossible
to make. However, fromthe chosen aggregated system perspective realistic e xpectations can
be made. Generally, public research funds are directly allocated to public research,
organisations based on historical indicators, without an incentive scheme and indirectly
through The Dutch Organisation of Scientific Research based on project proposals.
Additionally, private research funds are allocated based on performance agreements. Most
of these funds can be used discretionarily. In some cases the public research organisations
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use this funds for different purposes. Then the intended purpose of the government is not
reached. In the presence of information asymmetries between the policymaker and the
public research organisations, it is difficult to set policy incentives that induce the right
behaviour. It is expected that public research funds are exploited to cover the costs of
researchers and publicresearch infrastructure. This expectation is in line with the top-down
policy perspective thatis adopted forthis study. Based on the availability of research funds,
funds are distributed over the different positions. However, it is uncertain whether this
perspective leads to the right real-world behaviour. To address these uncertainties, a
bottom-up perspective was explored in the uncertainty analysis. Based on system analysis
and interviews at the Rathenau Institute, the most important structural uncertainties were
chosen. For these uncertainties only marginal differences in system behaviour were
observed. This suggests that a top-down perspective of funding allocation could be one of
the ways to describe the relation between funding and the workforce development in
academia.

The exact relation between funding and research output is more difficult to make. It is
assumed that from an aggregated system perspective general expectations are possible. As
publicresearch funds influencethe development of the workforce, itinfluences the research
output of the workforce. However, both direct and indirect governmental funding do not
control the research output. Only performance agreements provide the right incentive for
specific research output. Research output is an ambiguous term as both quantifiable and
non-quantifiable outputindicators can be created. Therefore, the research output structure
of the model is not for forecasting but to gain understanding of the complex nature of this
linkage and to show inherent deficiencies such as reduced performance if more competitive
funding structures are adopted.

The relation between career policies and academic workforce development is based on
agreements between the government and public research organisations. The government
responds with policy makingwhen behaviour is observed at human resources departments
which is not aligned with governmental objectives. From the adopted top-down policy
perspective this could have adesired effect. However, on the work floor agreements can be
bypassed. To deal with the growing temporary workforce and accumulation of temporary
contracts the government proposed to cap the amount of time a temporary researcher could
be appointed. However, some public research organisations bypassed this policy by letting
temporary staff be appointed elsewhere for a short duration until a reappointment was
possible. This shows that atop-down perspective canstill lead to perverse behaviour on the
work floor.

What are the effects of proposed policy measures on the workforce development and output
in academia?

The simulation results suggest thatalink exists between the increased focus for competitive
fundingandtheincreased focus onatemporary workforce. Whenitis uncertain if funds will
be obtained, publicresearch organisations are more likely to hire temporary research staff,
who are flexible, interchangeableand inexpensive. The focus on competitive funding could
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lead to productivity losses, as more researchers spend more time on the acquisition of funds.
Because a quality concept was not included in the SD model, the effects of competition on
the quality of the research could not be analysed.

To preventthe contract accumulation of temporary research staff, the government proposed
to limit the amount of temporary contracts a researcher could obtain. However, the
simulation results suggest that it does not lead to the desired effect: the decrease in career
uncertainty due to contract accumulation and the decrease of academic staff turnover.
Capping the contract terms leads to a reinforced turnover of temporary research staff: a
higherin- and outflow of staff. This suggests that vacancies are more likely to be filled by less
gualified staff, asitbecomesimpossible to retain staff orlet them promote towards a faculty
position. Additionally, it could lead to perverse behaviour as researchers will temporarily
change position to become eligible for a temporary position again.

As the Dutch population is aging, and researchers have to continue working for a longer
period, it is vital to understand the dynamics if the mandatory-retirement age of 65 is
changed. When this age cap is extended, the number of years professors remain in the
academicworldincreases, which hasits effect on the temporary research staff. The number
of professors starts to increase when this cap is lifted and then starts to decline back to its
target size. Due to the elimination of the retirement age, one third of the total yearly
positions may become unavailable for temporary researchers or other individuals outside
academia.

How can this study contribute to the knowledge of the academic workforce development
and be used in a policy-making process?

The purpose of this study was to contribute to the knowledge about policy-making in the
science system and the effects on the workforce. Through analyses it was found that the
science system has gone through several changes in recent years. Traditionally, the science
system was primarily supported by the government based on direct institutional funding.
Also, most researchersacquired apermanent position. In recent years, the focus has shifted
towards a temporary workforce and a more competitive funding structure. Studying the
interrelations between funding and the workforce development some important concepts
were found. First, the science system is a highly complex dynamic system with many
interrelating features. By building a System Dynamics model these interrelations were
analysed and the linkage between subsystems was made. The focus was on the relations
between funding and policies on one hand and the workforce development and research
outputat the otherhand. Second, with the use of the Principal-Agent problem it was found
that policy-makinginthese complex environments is near-impossible. However, the policy-
makers wants to make sense of their policies and incentivise the behaviour of researchers. It
is therefore important that policy makers set the right incentive for research to be
conducted. Policy makers have a normative and staticperception of the science system when
it comes to policy making. They therefore create policies that should have the intended
purpose. Therefore it is important to understand that these policies are created from a
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normalised static and top-down perspective on the science system. The researchers in the
operational layers are often thinking otherwise.

For policy makers it is therefore important to understand that policy-making happens in an
arena where the environment is constantly changing, top-down enacted policies could not
have the intended effects on the work floor and many factors influence research behaviour.
In this environment, policy-makers should understand the dynamics and complexities at
work and should not perceive the science system as static over time. Creating policies is an
iterative process of adjusting and readjusting overtime until the higherlevel of performance
is obtained.

9.2 DISCUSSION

After concluding this research, it is crucial to reflect on the contributions to science, the research
process and research method. Based on these reflections, recommendations for future research are
made.

CONTRIBUTIONS TO SCIENCE

This study offers three main contributions to science. First, this study adds to literature covering
academicworkforce development. Previous studies have mainly addressed the issuesin a qualitative
way (Arensbergen et al., 2013; Van Balen, 2010; van Balen et al., 2012; van Drooge & de Jong, 2008).
This study tries to connect this connect the information gathered from this studies (Goede et al.,
2014), by creating a model that looks at the influence of governmental policies and funding
(Versleijen & van der Meulen, 2007) on the workforce development and performance of academic
staff (van Dalenetal., 2012; Verbree etal., 2015). Not much is known about the influence and impact
of policy changes on the workforce development overtime. Based on several feedback mechanisms,
this system is constructed within the System Dynamics framework, including hiring and promotion
rules that affect the flow of researchers in the academic positions. Second, this study adds to
literature covering workforce development models. Building on other models (Navid Ghaffarzadegan
et al., 2014; N Ghaffarzadegan et al., 2014; Hur et al., 2015; Larson et al., 2013; Larson & Gomez Diaz,
2012; Oyo et al., 2008; Sterman, 2000) this paper offers a focus on the impact of funding on the
academicworkforce and outputin the Dutch academicsystem. Third, the model can now be used to
understand the underlying academic development system in the Netherlands and studies the
behaviourovertime. With this understanding comes the ability to simulate policy experiments and
to show the effect on the workforce development.

REFLECTIONS ON THE PROCESS

Itisdifficulttodevelop agenericmodel of the complex science system. Its functions and structures
differ among public research organisations. Governmental regulations differ across universities.
Furthermore, each research organisation reacts differently to governmental policies and creates
differentresearch and research output. These complexities and the choice for a systems perspective
was the main obstacle inthe development of the model. This problem liesin the decision of building
a generic model of all public research organisations and not specifically for one university.
Additionally, the choice for System Dynamics limits the choice for perspectives and valuable
outcomes. These decisions posed problems regarding the construction of the model, the input of
data and the incorporation of decisions mechanisms. The knowledge about the internal mechanisms
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at publicresearch organisations was limited, making it difficult to capture the decisions of the human
resources departments and funding allocation management. The knowledge about the bottom-up
approach could have been acquired from experts working in public research organisations which
would improve the validity and importance of the study outcomes. Theseinsights could also mitigate
the uncertainties that remain with the chosen approach. For the purpose of the problem owner an
System Dynamics model was developed representing the public research organisations in the
Netherlands. Duringthe process the researcher focused on the model development with the chosen
perspective ratherthan developing many models that would incorporate the different perspectives
of the science system.

LIMITATIONS OF THE RESEARCH METHOD

The chosen methodology is apromising way to capture the dynamics of the science system, but also,
as all modelling studies, faces its own limitations. The boundary of the model is set around the
promotion of academicstaff with the focus on how differentvariables within that system interact. It
does not include the upstream effect of students at earlier phases in the university. However the
education preparation foranacademiccareerseemsto playa crucial role in the academic workforce
development (Hur et al., 2015). It also does not include the entire market side competition for
potential academic staff, and the notion of quality and excellence. The expertise and quality of
researcher does however have a significant influence on the choice for promotion.

There are also other feedback systems to consider that could improve the overall validity of the
system but could make the model unnecessarily complicated. Forexample, the inflow of lateral hires
could be influenced by their academic qualifications. This is why the inflow is now modelled with
inflow fractions to definethe distribution between academicand lateral hires. The quality per group
of hires can change due to economicchange, educational change orthe quality of international staff.
Adding more detail to the characteristics of the academic staff such as age, gender, academic
background or extending the model with intra-national difference between universities would
enhance the model but would make it unnecessarily detailed. The scope is therefore chosen from the
stakeholders perspective and serves that purpose.

RECOMMENDATIONS FOR FUTURE RESEARCH

While relevant conclusions can be drawn from this modelling study, there might be other
methodologies that could equally describe this system in a consistent manner while drawing robust
conclusions. Atop-down strategic perspective is chosen to analyse the system. In a follow-up study
the model could be extended, a bottom-up perspective could be integrated within other model
approaches and uncertainties could be mitigated. Including the Agent Based Methodology could
enhance knowledge of actions and interactions of researchers and other actors within the system.
Additionally, the Exploratory Modelling and Analysis methodology could be adopted to analyse the
uncertaintiesinamore comprehensive way. Inlight of these uncertainties, robust decisions could be
made. Traditional System Dynamics modelling could be used to extent the model beyond the chosen
boundariestoincrease overallrobustness of the model results. More analysisis also needed into the
perceptions of certain system characteristics, such as the desirability of temporary research staff and
competitivefundingregimes. Furtherresearchisthereforeneeded to create a more comprehensive
image of the workforce development in academia and the factors influencing it.
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The conclusions drawn from this study justify the need foradditional research. First, there are many
model and theoretical uncertainties within this study that remain. Further research into system
analysis should be conducted. The model uncertainties could be further dealt with by adopting a
multi-method approach. Second, there is a need to deal with system perspectives. Opposed to the
top-down policy perspective adopted in this study, a bottom-up approach could compute different
behaviour. The multi-method approach, where a top down method like System Dynamics is
combined with a bottom-up method like Agent Based Modelling could render more robust results.
Finally, thereisaneed todeal with system perceptions. Multiple perceptions on the system, whether
behaviouris wanted orunwanted could create obstructions in the policy-making process. Simulating
differentactors, within the different organisationallayers of the science system, exercising behaviour
and different decisions would provide significant outcomes that is not possible to capture with this
research. For this multi-perspective system a multi-method approach could be used.
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APPENDIX 1: WORKFORCE DEVELOPMENT

This Appendix shows an overview of the most significant mobility in the academic career system in
the Netherlands. Figure 47 shows an info graphic created by (Goede et al., 2014) and covers the
average yearly mobility in number of people in time frame 2003-2011. Because it is a simplified
representation of the VSNU data, not all in- and outflow of academic staff is included. While this is a
static average perception of the workforce development in academia it gives insight into the
important mobility for the chosen system scope and perspective.
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Figure 47: Mobility in the Academic Career, adopted from (Goede et al., 2014), excluding demotions and support and
management staff

The figure shows the movement between the different positions. The academicjob market seems to
be most dynamicon the temporary staff levels, and exerts astrong selective character (Goede et al.,
2014). Each year, many researchers move job or position. Conversely, there is a large inflow of
academics from outside academia. While this shows the mobility of staff from a generic perspective,
itisonlya limited representation of reality as a limited timeframe and averages are used. Therefor it

does notshow temporary or sudden changes to staff in- and outflow. A more comprehensive image
is needed to make sense of the workforce development over time.

99



APPENDIX 2: RESEARCH PERFORMANCE

Publicresearch organisations, research groups and research individuals are often compared on their
performance. Thisis not completely valid as the research environment could change, research output
cannot be compared and research goals do not entail the maximisation of output. However, it can be
valuable to see which organisational factors influence research performance. In this Appendix the
different key variables that determine research performancein organisations will be identified. The
focus will be on factors that are useful for this study such as workforce composition, the acquisition
of funds and the age and experience of group leaders. Three main studies are combined that form
the basis of this review (Stvilia et al., 2011; van der Weijden et al., 2009; Verbree et al., 2015). The
findings of the empirical studies provide a broad overview of the organisational determinants that
are key to successin research organisations and could be used in support of a policy-making process.

INTRODUCTION

Traditionally,academicresearch was mainly conducted individually. With the increasing complexity
and interdisciplinary of research problems, research be came largely embedded in research groups.
The mannerin which teams are composed play an importantrole in how the project team functions.
It isalso necessary tocreate a environmentin which research groups meet individual and collective
goals (Pelz & Andrews, 1966). There are many organisational determinants that are successful in
research organisations. Pelz and Andrews (1966) investigated key determinants, highlighting
communication, motivation and group size as important variables that influence research
performance. Others have looked at leadership and group dynamics and the influence on research
performance (Louis, Holdsworth, Anderson, & Campbell, 2007; Verbree et al., 2015).

However, before analysing these studies, the definition of research performance has to be identified.
Research output in literature has an multidimensional nature: publications, education, reports,
technical contributions are one of the many examples. Research quality also has a multidimensional
nature as it could be expressed in terms of productivity, impact and creativity. As such, the
perception of quality and performance varies per field. Research performance within the main
discussed article by Verbreeetal (2015) is broken down into four district components. Asitis a study
on group performance individual and group performance factors are distinguished. Publication and
Citation counts are based on research groups, while productivity is measures as the number of
publications perresearchers and quality as the number of citations per publication. Data of research
performance is collected from three databases: PubMed, the Web of Knowledge and the Dutch
Research Database over a period of 3 years.

Research is also embedded in an environment with heterogeneous demands (Verbree, Van der
Weijden, & Van den Besselaar, 2012). Not only does research become more interdisciplinary, funding
is oftensupplied from avariety of sources making academic institutions less autonomous and more
focussed on acquiring funds and satisfying demand (Versleijen & van der Meulen, 2007).

The determinants for success; the relationship between the organisational factors and research

performance are defined in four categories:
e Resource Strategy
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e Processes in Research Organisations
e Environmental Conditions
e Personal Characteristics of Researchers

All the components in these categories interrelate and simultaneous determine research
performance. While some of these components are self-driven by group leaders or chairs within
research organisations some components are external. As such, effectiveness in research
organisationsis not merely determined by researchers within but also by the environment in which
they operate. Because of funding and policy dependency, autonomous organisations such as
universities become resource dependent (Preffer & Salancik, 1978), which could have an impact on
how they align their strategy.

DETERMINANTS FOR SUCCESS

Resource strategy

The acquisition of staff and funding are two key resources that research groups need to attaint to
conduct research and realise research output (Johnes & Johnes, 1995). As the lack of funds is
detrimental for research, researchers increasingly acquire funds from a variety of external and
internal sources (Versleijen & van der Meulen, 2007). As funding sources have different expectations
from the work, research groups feel an increasingly lack in research autonomy.

The availability of sufficient funding also limits the capacity of human capital. Larger groups do
provide more research output. However there is a limit to group size as it could have diminishing
marginal returns to labour (Louis et al., 2007). And then, smaller groups are easier to management,
as the span of control on the group leaderis smaller. Given the advantage of bigand small group size
alike, studies suggest that research groups need critical mass, but above a certain threshold
productivity declines. This threshold of course depends on study fields and internal structure of the
different organisations (Stvilia et al., 2011).

The optimal size also depends on the groups’ environment. In larger heterogeneous groups it is
easier to organise a variety of activities next to the core research such as fund acquisition. These
groups have the advantage oversmaller groups as theirsize and diversity reduces their dependence
on critical resources. However smaller groups could create more societal output as they are often
more specialised on one research goal (van der Weijden et al., 2009). Depending on the context of
each research environment, groups tend to adjust their activities through management leadership
and networking (Verbree et al., 2015).

The influence of workforce composition on research performance has only limitedly been
investigated. Forthisthesis three studies willbe compared that analysed workforce compositions in
relation to research performance while perceiving different key determinants for research
performance.

Processes in Research Organisations
In terms of group management, organisations have a lot to gain in terms of performance. First, they
can enhance performance by offering rewards for excellent individual or collective research
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outcomes(Louis et al., 2007). Secondly, organisations can stimulate communication between
researchersinorderto enhance group dynamics and stimulate intellectual thought (Pelz & Andrews,
1966). As research becomesincreasingly group work oriented, communication is essential in creating
outputthat isthorough and intellectual satisfying for society and science. Moreover, communication
is also useful in creating support from other parts of the organisation and management layers.
Quality control is a third tool which a research coordinator could use to enhance quality of the
created work. This is related to the balance of coordination and professional autonomy (Pelz &
Andrews, 1966). Traditionally, the suggestion was that researchers needed full autonomy to define
and pursue individual research goals and be maximally creative (Smith, 1971). As the degree of
autonomyis now boundedto the research agendawhich adheres to funders and collective research
goals, quality control is an important factor.

Within research groups, leadership in group coordinatorsis needed to maintain expertise throughout
the project cycle. High performance is not just dependent on the excellent research qualities, but
also on being a good leader and manager of the group (van der Weijden et al., 2009). Group
motivation is also important for performance. A group leaders should be strongly committed and
involvedinthe research of the group, which is beneficial for performance (Dietz & Bozeman, 2005).

In terms of network management, both internal and external relationships of research group have to
be managed. Internally, mainly to share knowledge and externally to gain excess to knowledge,
information, funding and experience. Interaction with other researchers provides the intellectual
exchange thatis essential forthe creation of knowledge and the development of creative new ideas
(Verbree et al., 2015).

Personal Characteristics

Personal characteristics could also have a determining effect on workforce performance. Research
outputcould change when researchers get older as they become more responsible for non-related
activities such as human resources and fund acquisition. However, aging could also have a
diminishing effect on creativity (Packalen & Bhattacharya, 2015).

Environmental Conditions

The research environment, in which research groups are embedded, could have a significant effect
on the research performance of the group. Researchers fare well in environments that remain
relatively stable overtime. For some research groups, research is not their main activity. They could,
forinstance, be occupied with education, training, producing new goods or services or participate in
public debate. As such, not all groups yield the same output, and it is therefore hard to compare
different fields. Performance standards of different groups have an additional effect on performance.
As such, performance can only be evaluated in the appropriate environmental context. With all these
exogenous variables influencing the system it is hard to make general assumptions on research
performance (Pelz & Andrews, 1966).

THE RELATIONSHIP BETWEEN ORGANISATIONAL DETERMINANTS AND RESEARCH PERFORMANCE

Figure 48 represents the four main components that influence research performance in academic
organisations. The two components in the middle are the resource and process variables that are
bothinfluenced by environmental conditions. The maininterestis the influence of human capital and
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the acquisition of funds on research performance. The feedback between changing personal
characteristics and resource strategy are also omitted. Environmental conditions also have a direct
influence on research performance, although they are party mediated by resource strategy and
process (Verbree et al., 2015).

Resource Strategy Personal Characteristics
Funding Sources o Age
. Type of Funding . Experience

e Variety of Funding
Human Resources

.

. Staff Size »
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Processes in Research
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e Rewards

. Communication
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. Focus

o Expertise

. Commitment
Network Management

Figure 48: Relation between organisational factors and research performance, adopted by (Verbree et al., 2015)

FINDINGS OF PREVIOUS STUDIES ON RESOURCE STRATEGY & PERSONAL CHARACTERISTICS

The combination of three multivariate studies were combined to come to these findings on resource
strategy and personal characteristics of researcher leaders that could be useful in the model
environment or/and in support of the policy development stage of this study.

The composition and size of research groups has a considerable impact on research performance
(Stviliaetal., 2011; vander Weijden etal., 2009; Verbree etal., 2015). Increasing the number of PhD
candidates within research groups leads to more productivity, more output and more citations.
However, whileincreasing group size leads to more publications and citations within groups it could
have a negative effect on the individual performance. This suggests group size limitations, in which
the marginal returnin productivity diminishes with the increase in group size. A high percentage of
senior staff does correlate negatively with performance and output (Verbree et al., 2015). Thisisin
correspondence with an older study stating the same (Smith, 1971). Teams consisting of members
with a heterogeneous institutional background were overall more productive than their
homogeneous counterparts. Itis likely that less hierarchical groups, with a heterogeneous PhD and
Postdocbackground and a more homogeneous senior staff background, perform better (Stviliaetal.,
2011; Verbree et al., 2015). For the biomedical field the ideal group size is 18, consisting of 8 PhD
candidates, 4 supporting staff member (OAS) and 6 seniors staff members (van der Weijden et al.,
2009).
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Acquiring funds from a variety of sources leads to higher citation counts as ones work is shared
among institutions (Verbree et al., 2015). However, this correlation could work both ways. When
more research is shared, the visibility of the research group increases in the scientific community
increasing acquisition of more funds. As such, research groups that have already acquired fundsin an
earlier stage are more likely to acquire more. Moreover, research groups with a large funding
portfolio may be bigger and therefore may have a more diverse research output becoming more
visible in scientificcommunities. Groups that are dependent on a smallersource for funding may not
venture intoanew research domain as they have less flexibility. Reputation then leads to more and
more diverse funding which again leads to more reputation, aenforcing feedback situation (Merton,
1988). Because direct funding has decreased, from 42 to 32 %, while project funding has increased
from 52 to 64 %, changes in funding mechanisms constrains research output (Versleijen & van der
Meulen, 2007). With this, research groups become more dependent on external sources and less
independent in creating their own research scope.

The relation between age of research group leaders and performance is shaped as an inverted U-
curve and has a maximum when the researchersisin his or her forties (Pelz & Andrews, 1966). They
will also become responsible for non-research related activities such as human resources. As this
often leads to more members to the research group, such as PhD candidates. Many years of
experience of researchers within groups could add to the knowledge and values, strengthening
leadership and improving overall performance.

Changingonesinstitution or position could be detrimental for the researchers asit takes, on average,
3 to 6 years to adjust to a new environment (Cherchye & Abeele, 2005). Also, researchers that had
some experience outside the academic work often perform less in terms of productivity than their
academic counterpart (Dietz & Bozeman, 2005). The science system can also change over time

STUDY LIMITATIONS

Many studies have looked at organisational determinants thatinfluenceresearch performance (Falk-
Krzesinski et al., 2011; Pelz & Andrews, 1966; Stvilia et al., 2011; van der Weijden et al., 2009;
Verbree et al., 2015). However, these studies have mainly investigated how researchers perform
withinresearch groups. The study by Verbree et al. (2015), for instance, was mainly conducted based
on surveys among group leaders withinthe biomedical research field. It also regards performance in
terms of numerical output (publications, citations, productivity and quality) and does not include
factors such as societal impact and factors related to valorisation. Furthermore, it solely looks at the
biomedical workforce inthe Netherlands. Other studies had the same limitations as they looked at a
specific workforce.

IMPLICATIONS FOR THE MODEL

The empirical findings of the organisational determinants the influence research performance within
groupsis just of limited use within the model. Itis more a supportive Appendixthat can help withthe
scope and design of the policy experiment section. However, some information is useful. For
instance, the ideal age forseniorstaff to be research group leader, the proportionality of junior staff
(PhD & OAS) in comparison to senior staff, the diversification of funding and the preference of
academicstaff over staff from outside the Dutch universities. Many changes in the policy instrument

104



for science isalsodetrimental for research. This assumes that researchers fares well in a stable and
uncomplicated academicenvironment. Of course these findings represent performance in research
groups. It is however assumed that the link between group performance and performance of the
total academic workforce can be made.

CONCLUSIONS

In this Appendix important organisational determinants that influence research performance have
beenidentified. Some determinants can be used within the model environment, while others can be
used in support of a policy-making process. Group compositions has an impact on research
performance. Group composition is also important in attaining funding from a variety of sources.
Groups with relatively many PhD perform better in that regard. The study suggests that a flat group
structure, with less hierarchical operational patterns, is beneficial for performance. In terms of
funding, diversity has a positive correlation to citations counts. With this diversity a larger research
portfolio can be created leading to even more citations.
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APPENDIX 3: MODEL IMPLEMENTATION

This Appendix shows the model implementation process. All the different model segments will be
shownindetail. Note that model segments that were shownin detail in Section 6.3 are not included
in this Appendix.

PHD-CANDIDATES

Figure 49 shows the PhD segment of the model. Inflow of academic staff happens according to
capacity mechanism of PhD staff and is calibrated over time to fit the historical data. The capacity is
determined based on the number of funds available to hire PhD staff. Based on data it is assumed

that most PhD staff are hired on secondary and tertiary research funds (VSNU, 2015). After the
residence time within the stock, the outflow is based on fractions that are relatively stable over time
(Goede et al., 2014).
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Figure 49: Detailed PhD model Segment

TEMPORARY RESEARCH STAFF

Figure 50 shows the temporary research staff segment of the model. Inflow of academic staff
happens according to capacity mechanisms for TRS. In the stock researchers will either go through
one, two or three contract phases to describe the contract accumulation in the TRS phase. The
subscripts, which are included in the model, are positioned within the TRS stock and TRS outflows.
The outflow variable ‘aging’ is used to model the transition between the contract phases. The
outflow of TRS to positions outside academia is modelled as a feedback loop. When researchers
reside longerinthis stock, they get demotivated and drop out. TRS becoming assistants are based on
the capacity mechanism for tenured staff. When place becomes available TRS can acquire a position
in the faculty staff.
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Figure 50: Detailed Temporary Research Staff model Segment

CAPACITY MECHANISM TEMPORARY RESEARCH STAFF

Figure 51 shows the capacity mechanism for temporary research staff. This capacity mechanism is
comparable tothe one of the permanent staff as explained in Section 6.3. Here, however, the both
institutional and project funds are used to cover the stipends of this staff.
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Figure 51: Detailed capacity mechanism Temporary Research Staff
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ACADEMIC RESEARCH FUNDING

Figure 52 shows a detailed overview of the academic research funding. The yearly institution
research fundingincreases based onthe expected research provision, the number of PhD graduates,
the number of total students and the desire to increase the research funding. These factors are
supported by literature and extensively described in Section 3.4 and 6.2. The yearly competitive
research fundingisbased ona project, secondary funding, partand a contract, tertiary funding, part.
The flow between the two stocks represents possible changes in research funding orientation.
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Figure 52: Detailed Academic Research Funding

108



Institutional and
Competitive Research
Funding

nksiPriect
Funts

Yoary Conpathe
Feserch Py

PO proveion

o N PHD Graduses. Bt / Yearly Chiange in
el T st L ey«
il e,

St Grare s

o tsun
Grwes Yearly Insitsional
Jpe— pibity
Subsatis
s
[l e
usdocn nresons
- e s
Temporary Research
Staff Capacity
Adjustment
Toales, e+ A
TSNS LT oGt
sdubent pretinireid
Foconotruns
coareson g
o
O e o Temporary T Fraction of Funds
PRy TR S enrch St Obtained rom Insttutorel
iy Pt

Temporary Staff (PhD
. Candidates & Temporary
: Research Staff)

P1D Promotn Te

= Toadrdion

T

Efsctorpriet
T Fueon Ao ——___

Resporseof

i
fretit Resewctersen
_— PrfectFrdig

Expecon:

Research Performance,
Influence of Competition
and Cost Structure

Ressah Provein.

Puete aper Auge s

Researth Hows er Oceparey

Turnover,
Residence Time,
Basic reproduction
Number

Staff
e Voonerron Adj

Aeadenis Crer

- b

N e

Publaton Deky. Tou
Prodciiy of
Pormunnt Resacrers
Ao

=

prodciy

Gopneveen e
Facuycapacy ———m o cosod and o
pemreet capacey

© /
Newassanprobsos / /
rom Industry. Assistant New Associate psocate
- eyt s 4———_
Application Fraction "Professors from Industry. Applcaon Fracion rom Industry

orProfct s
Frcion

—

Nurterof
Appcaiors

gpators er.
Resmarer

Time gl o
Touleseach ProectFnding .
Tive

Reseah Acity

—

Pucatons por

Permanent Research

Capacity
ustment
Total Facuy “Total Lateral 4——
o ™

—

Tehre Ok
> ufenne
Pamren Rt
Gpeies o pcpsree
Pemarrt Capacty—"
e T

Ressaes

Permanent Staff
(Assistant, Associate &
Full Professors)

rosor
Aoplcaion Fracion

-

P

professor
et acton

Ao
Progaton facton

<0 oy
Moty
b
10t POty — [r—
i - i I
" TRS becoming rofezsory Assiar becoming.
P P
s !
Pros i ) r A Asion
. = £
S ﬁ
oo 10 gt :
catidates waveg Acada lecuing Academe, P4 Promion T Temporary Fsearch / o Reassarch S Asssarstio
Stafwihout Subscripts -
Uscstiotd
s
! Tumower Temporary. Duration of TRS #————<Ag
faabiyies
e s
e Asskiant
[
etoriaon ooy conndtm
P o

Figure 53: Full Model Overview

109



APPENDIX 4: MODEL FORMULATION

Notation Formulation Unit

Aging[Phase 1] Temporary Research Staff[Phase 1]/ Contract Time - TRS becoming Assistant 1[Phase 1] - TRS Staff/Year
leaving Academia[Phase 1]

Aging[Phase 2] Temporary Research Staff[Phase 2]/ Contract Time - TRS becoming Assistant 1[Phase 2] - TRS Staff/Year
leaving Academia[Phase 2]

Applications perResearcher Number of Applications/Total Academic Staff Applicatio

n/Staff

Assistant becoming Associate Assistant Promotion fraction*Assistant exit Rate Staff/Year

Assistant exit Rate Assistant Professors/Assistantship Staff/Year

Assistant Professors New Assistant Professors from Industry+ PhDs becoming Assistant Profs2+TRS becoming Staff
Assistants-Assistant becoming Associate-Assistant Profs leaving Academia or Retire, Initial
Assistants

Assistant Profs leaving Academia or Retire Assistant exit Rate*(1-Assistant Promotion fraction) Staff/Year

Assistent Residence Time Assistant Professors/(Assistant becoming Associate + Assistant Profs leaving Academia or Year
Retire)

Associate becoming Full Associate exit Rate*Associate Promotion fraction Staff/Year

Associate exit Rate Associate Professors/Associateship Staff/Year

Associate Professors Assistant becoming Associate +New Associate Professors from Industry-Associate becoming  Staff
Full-Associate Profs leaving Academia or Retire, Initial Associates

Associate Profs leaving Academia or Retire Associate exit Rate*(1-Associate Promotion fraction) Staff/Year

Associate Residence Time Associate Professors/(Associate becoming Full+ Associate Profs leaving Academia or Retire)  Year

Average Duration of TRS Phase[Phase 1] Temporary Research Staff[Phase 1]/Total Exit Rate[Phase 1] Year

Average Duration of TRS Phase[Phase 2] Temporary Research Staff[Phase 1]/(Aging[Phase 1]+Total Exit Rate[Phase 1])+Temporary Year
Research Staff[Phase 2]/Total Exit Rate[Phase 2]

Average Duration of TRS Phase[Phase 3] Temporary Research Staff[Phase 1]/(Aging[Phase 1]+Total Exit Rate[Phase 1])+Temporary Year

Research Staff[Phase 2]/(Aging[Phase 2]+Total Exit Rate[Phase 2])+Temporary Research
Staff[Phase 3]/Total Exit Rate[Phase 3]
Basic Reproduction Number (1+MAX(Faculty capacity/Permanent Researchers/100,0) *Permanent Researcher Residence  Dmnl
Time)/Fraction of PhD for Academic Career
Table 15: Model Formulation part 1
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Notation

Formulation

Unit

Desired Change in Research Provision

Discrepancy
Effect of Project Funding on Applications

Effect of Time on Motivation[TRS Phases]
Faculty capacity

Full Professors

Full Profs leaving Academia
Gap between contracts[TRS Phases]
Gap between desired and capacity PhDs

Gap between desired and capacity TRS
Gap between number of desired and the
permanent capacity

New Assistant Professors from Industry
New Associate Professors from Industry
New Full Professors from Industry

New Temporary Research Staff outside
Academia

"Not-Promoted PhD candidates leaving
Acadia"

Number of Applications

TRS openingstofill exitrate
Performance Based Funding
Permanent Researchers
Permanent Researcher Hiring

Discrepancy*Research Hours perPublished Paper/Research Hours per Researcher*(((1-
Permanent Researchers/Total Temporary Researchers

MAX(Desired Level of Research Publications-Research Publications,0)
SMOOTHI(Response of Researchers on Project Funding(Yearly Competitive Research
Funding), 1, 0 )*Funding Expectation Switch

SMOOTHI(Demotivation lookup(Gap between contracts[TRS Phases]), 1, 0)

(Yearly Institutional Research Funding*(1-Fraction of Funds Obtained from Institutional
Funds))/Permanent Research Costs

Associate becoming Full +New Full Professors from Industry-Full Profs leaving Academia-
Professor Retirement Rate,Initial Professors

Professor exit Rate*(1-Proffessor Retire fraction)

Contract Time Limit-Average Duration of TRS Phase[TRS Phases]

Yearly Competitive Research Funding*(1-Fraction of Funds obtained from Project
Funds)/Temporary Researcher Costs-PhD candidates

Temporary Research Staff capacity-Temporary Research Staff without Subscripts
Faculty capacity-Permanent Researchers

Total Faculty Openings*Assistant Application Fraction
Associate Application Fraction*Total Faculty Openings
Professor Application Fraction*Total Faculty Openings
MAX(Total TRS openings-PhDs becoming Postdocs,0)

PhDs Hiring*Unsuccessful PhD candidate fraction
Total AcademicStaff*Researchers Applying for Project Funds Fraction

SUM(TRS becoming Assistant 1[TRS Phases!]+TRS leaving Academia[TRS Phases!])

Yearly Competitive Research Funding/Yearly Academic Research Budget

Assistant Professors + Associate Professors +Full Professors

PhDs becoming Assistant Profs2+New Assistant Professors from Industry +New Associate
Professors from Industry

Euro

Paper
1

Dmnl
Staff

Staff

Staff/Year
Year
Staff

Staff
Staff

Staff/Year
Staff/Year
Staff/Year
Staff/Year

Staff/Year

Applicatio
ns
Staff/Year
Euro

Staff
Staff/Year

Table 16: Model Formulation part 2
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Notation Formulation Unit

Permanent Researcher Leaving Assistant Profs leaving Academia or Retire +Associate Profs leaving Academia or Retire +Full ~ Staff/Year
Profs leaving Academia +Professor Retirement Rate

Permanent Researchers Openings for Gap between number of desired and the permanent capacity/Permanent Capacity Staff/Year

Adjustment Adjustment Time

PhD candidates PhDs Hiring-"Not-Promoted PhD candidates leaving Acadia"-PhD graduates leaving Staff
Academia-PhDs becoming Assistant Prof-PhDs becoming Postdocs ,initial PhD

PhD graduatesleaving Academia PhD candidates/PhD Promotion Time*(1-Academic Career Promotion Fraction) Staff/Year

PhD Graduates provision (PhDgraduates leaving Academia +PhDs becoming Assistant Prof +PhDs becoming Euro
Postdocs)*PhD provision

PhD openings foradjustment Gap between desired and capacity PhDs/Time to Adjust the Gap between Capacity and Staff/Year
Nominal Value

PhD Residence Time PhD candidates/("Not-Promoted PhD candidates leaving Acadia" +PhD graduates leaving Year
Academia +PhDs becoming Assistant Prof +PhDs becoming Postdocs)

PhDs becoming Assistant Prof MIN(PhD candidates/PhD Promotion Time*Academic Career Promotion Fraction*Successful ~ Staff/Year
Permanent Application Fraction, Total Faculty Openings

PhDs becoming Postdocs PhD candidates/PhD Promotion Time*Academic Career Promotion Fraction-PhDs becoming  Staff/Year
Assistant Prof

PhDs Hiring PhD openingsforadjustment Staff/Year

PhDs Leaving Not-Promoted PhD candidates leaving Academia +PhD graduates leaving Academia Staff/Year

productivity Yearly AcademicResearch Budget/Research Activity Euro/hours

Professorexit Rate Full Professors/Professorship Staff/Year

Professor Residence time Full Professors/(Full Profs leaving Academia +Professor Retirement Rate) Year

Professor Retirement Rate Professorexit Rate*Professor Retire fraction Staff/Year

Promoted PhDs PhDs becoming Assistant Prof+ PhDs becoming Postdocs Staff/Year

Publications perYear Research Publications/Total Academic Staff Paper/Year

Research Activity Research Hours per Researcher*(Permanent Researchers*Productivity of Permanent Year
Researcher +Total Temporary Researchers*Productivity of Young Researchers

Research Hours per Researcher Total Research Time-Time Applying for Project Funding Year/Staff

Table 17: Model Formulation part 3
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Notation Formulation Unit

Research Publications SMOOTH(Research Activity/Research Hours per Published Paper, Average Paper Publication Paper
Delay)

Researcher Productivity Research Activity/Total Academic Staff Year/Staff

Researchers Applying for Project Funds Effect of Project Funding on Applications Application

Fraction s/Staff

Student/Staff Ratio" Student Population/Total Academic Staff Student/Sta

ff
Temporary Reasearch Staff[TRS Phases] Aging[Phase 1] + New Temporary Research Staff outside Academia +PhDs becoming Staff

Postdocs-TRS leaving Academia[Phase 1]-TRS becoming Assistant 1[Phase 1], Aging [previous
cohort]-Aging[older]-Aging[older]-TRS becoming Assistant 1 [older] - TRS leaving
Academia[older], Initial TRS/3

Temporary Research Staff capacity Yearly Competitive Research Funding*Fraction of Funds obtained from Project Staff
Funds/Temporary Researcher Costs +Fraction of Funds Obtained from Institutional Funds

Temporary Research Staff without Subscripts SUM(Temporary Research Staff[TRS Phases!]) Euro/Staff

Tenure Openingsto fill exit rate Assistant Profs leaving Academia or Retire +Associate Profs leaving Academia or Retire +Full ~ Staff/Year
Profs leaving Academia +Professor Retirement Rate

Time Applying for Project Funding Applications per Researcher*Time Required for Applications*Application for Project Funding Year/Staff
Switch

TimeinTRS Phase SUM(Average Duration of TRS Phase[TRS Phases!]) Year

Time in PhD Phase PhD candidates/("Not-Promoted PhD candidates leaving Academia" +PhD graduates leaving Year
Academia + PhDs becoming Postdocs +PhDs becoming Assistant Prof

Total AcademicStaff Assistant Professors +Associate Professors +Full Professors +Temporary Research Staff Staff
without Subscripts +PhD candidates

Total duration[Phase 1] Average Duration of TRS Phase[TRS Phases]*Temporary Research Staff[TRS Phases] Year

Total Exit Rate[Phase 1] MAX(TRS becoming Assistant 1[TRS Phases]+TRS leaving Academia[TRS Phases], 1) Year

Total Faculty Openings MAX(Permanent Researchers Openings for Adjustment +Tenure Openings tofill exitrate,0)  Staff/Year

Total Lateral Hiring New Assistant Professors from Industry +New Associate Professors from Industry +New Full ~ Staff/Year

Professors from Industry

Table 18: Model Formulation part 4
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Notation Formulation Unit

Total TRS leavingacademic SUM(TRS leaving Academia[TRS Phases!]) Staff/Year

Total Residence Time Academic Career Assistant Residence Time +Associate Residence Time +Professor Residence time +PhD Year
Residence Time +TRS Residence Time

Total Student Grants student Grant allotment*Student Population*Student Grant Size Euro/Year

Total Temporary Researchers PhD candidates +SUM(Temporary Research Staff[TRS Phases!]) Staff

Total TRS openings TRS openingstofill exitrate +TRS Openings foradjustment Staff/Year

TRS becoming Assistant 1[TRS Phases] MAX(Temporary Research Staff[TRS Phases]/SUM(Temporary Research Staff[TRS Staff/Year
Phases!])*Total Faculty Openings*(1-Successful Permanent Application Fraction)/Contract
Time,0)

TRS becoming Assistants SUM(TRS becoming Assistant 1[TRS Phases!]) Staff/Year

TRS Hiring New Temporary Research Staff outside Academia+ PhDs becoming Postdocs Staff/Year

TRS Leaving SUM(TRS leaving Academia[TRS Phases!]) Staff/Year

TRS leaving Academia[TRS Phases] (Temporary Research Staff[TRS Phases]/Contract Time -TRS becoming Assistant 1[TRS Staff/Year
Phases])*Effect of Time on Motivation

TRS Openings for adjustment Gap between desired and capacity TRS/Time to Adjust the Gap between Capacity and Staff/Year
Nominal Value

TRS Residence Time SUM(Total duration[TRS Phases!])/SUM(Temporary Research Staff[TRS Phases!]) Year

Turnover of Academic Staff (SUM(TRS leaving Academia[TRS Phases!])+Professor Retirement Rate +PhD graduates 1/Year
leaving Academia +"Not-Promoted PhD candidates leaving Acadia" +Full Profs leaving
Academia+Associate Profs leaving Academia or Retire+ Assistant Profs leaving Academia or
Retire)/Total Academic Staff

Turnover Temporary Research Staff (SUM(TRS becoming Assistant 1[TRS Phases!] + TRS leaving Academia[TRS 1/Year
Phases!]))/Temporary Research Staff without Subscripts

Yearly AcademicResearch Budget Yearly Competitive Research Funding+ Yearly Institutional Research Funding Euro

Yearly Competitive Research Funding SMOOTHI(Change in Funding Regime, Budget Adjustment Time, Initial Project Funds Euro

Yearly Institutional Research Funding SMOOTHI(Research Provision2+Desired Change in Research Provision Euro

*Desired Publication Switch+ PhD Graduates provision-Changein Funding Regime
, Budget Adjustment Time, Initial Institutional Funding)

Table 19: Model Formulation part 5
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APPENDIX 5: PARAMETERS AND EXOGENOUS VARIABLES

Notation Value Source Unit
AcademicCareer Promotion Fraction 0.3 (Goede, Belderetal. 2014) Dmnl
Assistant Application Fraction 0.37 WOPI Dmnl
Assistant Promotion fraction 0.39 WOPI Dmnl
Associate Application Fraction 0.063 WOPI Dmnl
Associate Promotion fraction 0.44 WOPI Dmnl
Demotivation Lookup [(-100,0)-(100,1)],(-100,1),(-10,1),(-5,0.8),(- Table functionto represent effects of time Dmnl

2.5,0.6),(0,0.4),(2,0.2),(4,0),(100,0) pressure onleaving TRS
Fraction of Funds Obtained from Institutional Funds 0.011 Calibration Dmnl
Fraction of Funds obtained from Project Funds 0.355 Calibration Dmnl
Fraction of PhDfor AcademicCareer 0.5 (Goede, Belderetal. 2014) Dmnl
Growth Goal 0.01 Calculated based on the gradual increase of Dmnl

research publications overthe Years 2006-
2010

Productivity of Permanent Researchers 0.85 Rathenau Institute, 2015, estimate Dmnl
Productivity of Young Researchers 0.6 Rathenau Institute, 2015, estimate Dmnl
Professor Retire fraction 0.325 WOPI Dmnl
Response of Researchers on Project Funding Lookup [(0,0)e+009,1),(2.5e+008,1000),(5.50504e+008, Calibrated S-shape Function Dmnl

3552.63)],(0,0),(7.06422e+008,0.153509),(1.30

275e+009,0.513158),(2.25688e+009,0.894737)

,(3.00917e+009,0.991228)
Successful Permanent Application Fraction 0.35 (Goede, Belderetal. 2014) Dmnl
Unsuccessful PhD candidate fraction 0.25 (Goede, Belderetal. 2014) Dmnl
PhD provision 93000 (vanDalenetal., 2012) Euro/Staff
Initial Institutional Funding 2.2e+009 IBO Euro/Year
Initial Project Funds 1,02E+12 IBO Euro/Year
Permanent Research Costs 250000 Rathenau Institute, 2015, estimate Euro/Year
Contract Funding Time Series VSNU, IBO Euro/Year

Table 20: List of parameters and Exogenous Variables part 1
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Notation Value Source Unit
Project Funding Time Series VSNU, IBO Euro/Year
Institutional Research Funding Time Series VSNU, IBO Euro/Year
Temporary Research Costs 88000 Rathenau Institute, 2015, estimate Euro/Year
Initial Level of Research Output 38000 VSNU Paper
Initial Assistants 4539 WOPI with Medical Correction Staff
Initial Associates 1972 WOPI with Medical Correction Staff
initial PhD 3417 WOPI with Medical Correction Staff
Initial Professors 2013 WOPI with Medical Correction Staff
Initial TRS 5024 WOPI with Medical Correction Staff
Assistantship 7.5 (Goede, Belderetal. 2014) Year
Associateship 6 (Goede, Belderetal. 2014) Year
Average PaperPublication Delay 0.5 Authors'assumption Year
Average TRSTime 7.5 (Goede, Belderetal. 2014) Year
Budget Adjustment Time 1 (OCW, 2014) Year
Contract Time 2 (De-Jonge-Akademie, 2010) Year
Goal Adjusting Delay 2 Authors'assumption Year
Permanent Capacity Adjustment Time 2 Authors'assumption Year
PhD Promotion Time 5 (Goede, Belderetal. 2014) Year
Professorship 11 (Goede, Belderetal. 2014) Year
Research Hours per Published Paper 0.3 Authors’ assumption Year
Time Required for Applications 0,21 Rathenau Institute, 2015, estimate Year
Time to Adjust the Gap between Capacity and Nominal 1 Authors'assumption Year
Value
Total Research Time 0.7 Researchers spend onaverage 30 hoursa Year
week onresearchandresearch oriented
activities (Goede, 2012)
Professor Application Fraction 0.132 (Goede, Belderetal. 2014) Dmnl

Table 21: List of parameters and Exogenous Variables part 2
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APPENDIX 6: EXTREME VALUE TEST
RESULTS

The Extreme value test will be conducted by substituting several important, sometimes uncertain,
parameters with extreme values. The graphical output will be based on the Key Performance
Indicators based on the 9 different tests. These tests are chosen system analysis and stakeholder
interviews (Rathenau-Institute, 2015a). Some graphical representations can be omitted if they do not
cause any alternative effects over time orincluded it clarifies the impact of the parameter change.
Table 22 shows the main expectations of the extreme value test, where ++ represents a major
increase, + represents a minorincrease, O represents an insignificant change, - represents a minor
decrease and -- represents a major decrease. Through analysis it was found that these assumptions
match the observed behaviourin the graphical tests shown below.

Extreme Value Test

Ratio of .
KeyPerformance Temporary Permanent atoo Staff Research Residence

Indicator Staff Staff Temporary to Turnover  Output Time

Permanent
(1): High

Permanent 0 - + + - +
Researcher Cost

(2): Low

Permanent 0 ++ b- - + -
Researcher Cost

(3): High

Temporary -- - - - -- 0
Researcher Cost

(4): Low

Temporary ++ + + + ++ 0
Researcher Cost
(5): HighPhD
Promotion Time
(6): Low PhD
PromotionTime
(7): HighTRS
Contract Time
(8): Low TRS
Contract Time
(9):Extreme

professor 0 0 0 - 0 ++
Residence time

Table 22: Extreme Value Test Assumptions

EXTREME COST OF PERMANENT STAFF
Test 1 was conducted by multiplying the amound of permanent reseacher costs by a hundred. The
results can be observed in Figure 54. The graphical output was expected and show the amount of
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permamantreseachers decreasing over time. The reason why this is a graudual change over time is
because professors who already have an permanent appointment are allowed to stay untill they
leave academia, for other jobs or retirement, which is one of the model assumptions. There is a
insiginificant change in temporary reseachers, mainly the ones that remain in academia for a
extended period to acquire a permanent position. The number of research publications also
decreases as expected due to the number of total research hours. The turnover and residence time
increases as expected as TRS remains longerin the position. Note that the total residence time needs
ayear to stablise and therefore does not start in 1999.

Total Temporary Researchers Permanent Reseachers
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15,000 6750

k=4
5 10,000 g 4500
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0
0 1999 2003 2007 2011 2015 2019 2023 2027

1999 2003 2007 2011 2015 2019 2023 2027 Time (Year)
Time (Year) )
Total Temporary R - Base Run Permanent Reseachers : Base Run
Total Temporary Researchers : High Permanent Cost Permanent Reseachers : High Permanent Cost
Ratio of Temporary to Permanant Turnover of Academic Staff

1 2
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N T
55 125
4 1

1999 2003 2007 2011 2015 2019 2023 2027 1999 2003 2007 2011 2015 2019 2023 2027
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Ratio of Temporary to Permanant : High Permanent Cost Turnover of Academic Staff : High Permanent Cost
Research Publications Total Residence Time Academic Career
50,000 35
45,000 34.75
g 40,000
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34.25
30,000
1999 2003 2007 2011 2015 2019 2023 2027 34
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Research Publications : Base Run Time (Year)

Total Residence Time Academic Career : Base Run
Total Residence Time Academic Career : High Permanent Cost

Research Publications : High Permanent Cost

Figure 54: Extreme Value Test - High Permanent Costs

Test 2 was conducted by dividing the amound of permanent reseacher costs by a hundred. The
results can be observed in Figure 55. The graphical output was expected as the number of
permanent reseachers increases substantially which has it effects on the ratio of temporary to
permanent staff. The turnover decreases because the main focus will be on permanent staff that
change positions less often. As aspected, it also leads to more research output as more reseachers
can conduct research.
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Figure 55: Extreme Value Test - Low permanent costs

EXTREME COST OF TEMPORARY STAFF

Test 3 was conducted by multiplying the amound of temporary reseacher costs by a hundred. The
results can be observed in Figure 56. Note that this extreme test has an influence on both the
temporary and permanent staff. If there are no temporary staff, less vacancies from within the
system can be filled. While this is only a relative small proportion, it does have its impact on the

workforce and ressearch output.
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Figure 56: Extreme Value Test - High temporary costs

Test 4 was conducted by dividing the amound of temporary reseacher costs by a hundred. The

results can be observedin Figure 57. Both the temporary researchers and the permanent reseachers
increase overtime. To accommodate the costs of these researchers, the matching mechanisms will
trasfer funds from the institutional side to the project side
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Figure 57:Extreme Value Test - Low Temporary Costs

EXTREME PROMOTION TIME

Test 5 was conducted by dividing the promotion time of PhD candidates by 10. The results can be
observedin Figure 58. As expecteed, alower promotiontimeleadsto less temporary reseachers. The
inflow of PhDs quickly flows out into the Postdoc stage, assistant professorship or go outside
academia. It also has a substantial influence on the number of temporary research staff that will
increase overtime, afteraninitial decrease. Thisis caused by a transfer of funds from the PhD to the
TRS phase. The number of permanent researchers increases under the effect of funding and more

TRS that are available.
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Figure 58: Extreme Value Test — Low Promotion Time

Test 6 was conducted by multiplying the promotion time of PhD candidates by 10. The results can be
observedin Figure 59. In comparison, a high promotion time makes PhD candidates reside longerin
the stock, therefore accumulating tremendously. The financial burden of accommodating these PhD
will fall forthe othertemporary research staff stage. Less peoplewillbe attracted. As in the previous
extreme value test, the permanent phases and the research activity only marginally changes.
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Figure 59: Extreme Value Test — Long Promotion Time
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EXTREME TRS CONTRACT TIME

Test 7 was conducted by multiplying the contract time of TRS by 10. The results can be observed in
Figure 60. While the total amount of TRS decreases significantly, the total tunover does increase.
Because the residence time in this phase is low the ouftlow will mainly contribute to the
accumulation of the permanent research staff. Another instesting observation in the sixth graphis
that when the residence time decreases, temporary researchers have the tendency to have more
contracts before moving into the permanent phases or finding a job outside academia. With short
contract there is a high turnover of academic staff making the academic ranking system more
flexible.
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Figure 60: Extreme Value Test — Low TRS Contract Time

Test 7 was conducted by dividing the contract time of TRS by 10. The results can be observed in
Figure 61. The total amount of TRS increases significantly, as the total turnover drops and more staff
accommodatesinthis phase. Howeverthe total TRS does not increase tremendously. Note that here
the biggest outflow will be to outside academia as most TRS will remain long in the stock and
become demotivated. This has alsoaninfluenceon the total amount of permanent researchers. Note
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also here that phase 3 of the TRS contracts will have the highest leaving rate. Finally, it makes the
academic research world less flexible as there is less turnover in academic staff.
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Figure 61: Extreme Value Test — High TRS Contract Time

C5 Extreme professor residence time

Test 9 was conducted by multiplying the contract time of Professors by 10. The results can be
observed in Figure 62. While the number of professors increases tremendously, it just have little
effecton the total academic workforce. It that sense only the proportionlity between the functions
changes. However, the turnoverover of academic staff decreases significantly, giving meaning to a
smaller change of acquiring an academic position
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Figure 62: Extreme Value Test — Long Professorship
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APPENDIX 7: SENSITIVITY ANALYSIS
RESULTS

The sensitivity analysis will be conducted with 10 per cent increase and decrease for the value of
each parameter. Forthe univariate analysis each parameterwill be analysed based on 500 runs with
a random uniform distribution. The multivariate sensitivity analysis, to compare a combination of
parameters, will be conducted by using 1000 runs each. The graphical output will be based on the
Key Performance Indicators. Sometimes these indicators are omitted if there the effect on the
parameteris negligible. Sometimes otherimportant parameter will be shown. The main model KPls
are as follows:

Key Performance Indicator Unit

Temporary Research Staff Staff

Permanent Research Staff Staff

Ratio of Temporary to Permanent Staff  Dmnl

Staff Turnover Dmnl

Research Output Publications/Year

UNIVARIATE SENSITIVITY ANALYSIS

Firstthe univariate sensitivity analysis will be conducted by changing important parameter constants
to analyse how sensitive the model is to change. The parameter constants that are chosen are based
on the relevance tothe stakeholder, obtained through interviews, and relevant from a policy making
perspective.

Basic Reproduction Number

In the model, the BRN is determined by system calibration based on the historical numbers of PhD
inflow over time. As such, the BRN value of 11 gives the most promising behaviour. Because this
valueisa not a real-world concepts special attentionis made to its sensitivity. The results, shown in
Figure 63, show that the model is only numerically sensitive to this parameter. However, the
numerical sensitivity increases overtime. This was expected as a stable constant influences dynamic
variables over time making future estimations unpredictable. It also has a substantial influence on
the permanent workforce. This suggests that small alterations to this constant have a big influence
on the model. Italso givesthe impression that a static constant might not be right way to model the
behaviour of the workforce. The research output and the staff turnover are largely unaffecte d by

these parameterchanges which suggests the BRN influences the distribution over the staff phases.
Base Run Base Run

50%  75% [ 95% [l 100% I 50%  75% [ 95% [l 100%
PhD candidates Temporary Research Staff without Subscripts
20,000 20,000

15,000 15,000

10,000 10,000

5000 /

G 5000

0 0
1999 2007 2014 2022 2029 1999 2007 2014 2022 2029
Time (Year) Time (Year)

126



Base Run Base Run

50%  75% [ 95% [l 200% 50%  75% [ 95% [l 200%
Total Temporary Researchers Permanent Reseachers
30,000 9000

22,500 8500

15,000 8000

7500 7500
0 7000,
1999 2007 2014 2022 2029 1999 2007 2014 2022 2029
Time (Year) Time (Year)
Base Run Base Run
500 75% [ 95% [l 200% 50%  75% [ 95% [l 200%
Turnover of Academic Staff Research Publications
2 60,000
175 52,500

45,000

37,500

1 30,000
1999 2007 2014 2022 2029 1999 2007 2014 2022 2029

Time (Year) Time (Year)
Figure 63: Sensitivity Analysis — Basic Reproduction Number

Temporary Promotion Fractions [PhD Promotion Fraction, Unsuccessful PhD Candidate Fraction,
Academic Career Promotion Fraction, TRS Promotion Fraction]

Testingthese promotion fraction individually did not lead to many sensitivity in the model. However,
this was expected as these fraction are relatively small and only small fractions of staff are able to
acquire a permanent position. Making these fractions stable also poses certain validation limitations.
In the real-world system potential staff is elected based on their educational and academic history,
so these fractions could change overtime. This could make the resultsin these phases less valuable.

Contract Time Temporary Research Staff

In the model the contract time of temporary research staff is determined on 2 years with a maximum
of 6 yearsunderthree contracts. However, the government will change the contract terms to 2 with
a maximum of 4.5 years (OCW, 2014). As such, this sensitivity experiment is important from a policy
perspective.
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Figure 64: Sensitivity Analysis — Contract Time TRS

The results, shown in Figure 64, show that only permanent research staff is sensitive to policy
changes in contract time. However a sensitivity of temporary staff was expected. To analyse this

further, the sensitivity results will be shown of temporary research staff in the three consecutive
phases.
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Figure 65: Sensitivity Analysis — Contract time TRS phases

The results of the TRS phases, as shown in Figure 65, show more parameter sensitivity in the
individual phases. Phase 1 and 3 shows the most parameter sensitivity. This could suggest that
changing the contract structure only changes the balance of staff over the different phases.

Time to Adjust the Gap Between Capacity and Nominal Value [Temporary Staff]

In the model, the time to adjust the gap between capacity and nominal value is determined on 1.3
years, which is calibrated over time to fit the historical observed behaviour. The results, shown in
Figure 66, show limited parameter sensitivity for all model KPls. The sensitivity to changes in the
permanent section of the model are more volatile. This is caused by the differences in capacity
adjustmenttimes between temporary and permanent phases, the multiple inflows that are possible
inthese phases and the ad hoc capacity structure that is used in the model to model the temporary
to permanent phase flow.
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Figure 66: Sensitivity Analysis — Time to adjust the gap

Time to Adjust the Gap Between Capacity and Nominal Value [Permanent Staff]

In the model, the time to adjust the gap between capacity and nominal value is determined on 1.0
years, which is calibrated over time to fit the historical observed behaviour. The results, shown in
Figure 66, show negligible parameter sensitivity for all model KPIs. Therefore the graphical
representation is not shown.

Temporary Research Costs

In the model the temporary research costs is determined at 88.000 euro a year, which is authors
estimate forthe costs of this staff per year calibrated over time to fit the historical data. The results
of the models KPIsare shown in Figure 67. It shows a substantial parameter sensitivity to temporary
researchers and number of papers published. A small change of 10 per cent of the total value can
have a difference in the range of 500 in the temporary research staff. Thisthenalso has an impact on
how many papers are published. Permanentresearchers react more volatile to this deviation which
shows a direct connection to the temporary staff phases. Overall, this test shows that the
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parameter, that is an estimate with a large uncertainty space, has a substantial influence on the
model KPIs.
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Figure 67: Sensitivity Analysis — Temporary Research Costs

Permanent Research Costs

In the model the permanent research costs is determined at 185.000, which is based on data from
literature to satisfy the demand for stipends and overhead for professors and calibrated over time to
fit the historical data and behaviour. Even more so, the cost of permanent researchers has an
substantial influence on all the model key performance indicators, as shownin Figure 68, as there is a
feedback loop between professors and PhD candidates. It shows an increasing sensitivity over time
as there is areinforcing feedback loops between aging chain based on delays.
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Figure 68: Sensitivity Analysis — Permanent Research Costs

Assistantship, Associateship and professorship [residence time]
The data regarding residence time of permanent researchers is
Rathenau Institute (Goede et al., 2014).

gathered by using data from the

Base Run Base Run
50%  75% [ 95% [l 100% 50%  75% [ 95% [l 100%
Assistant Professors Associate Professors

5000 2000

4500 1750

4000

1500

3500 1250
3000 1000
1999 2007 2014 2022 2029 1999 2007 2014 2022 2029
Time (Year) Time (Year)
Base Run Base Run
500  75% [ 95% [l 200% 50%  75% [ 95% [l 200%
Total Temporary Researchers Permanent Reseachers
30,000 9000
22,500 8500
15,000 8000
7500 7500
0 7000,
1999 2007 2014 2022 2029 1999 2007 2014 2022 2029
Time (Year) Time (Year)
Base Run Base Run
50%  75% [ 95% [l 100% 50%  75% [ 95% [l 100%
Turnover of Academic Staff Research Publications
2 50,000 — —
175 45,000
40,000
35,000
1 30,000
1999 2007 2014 2022 2029 1999 2007 2014 2022 2029
Time (Year) Time (Year)

Figure 69: Sensitivity Analysis — Residence time Assistant
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Howeverachange inresidence time could have a substantial impact on the model. In the model the
residence time of assistantsis 7 years. The results of all the models KPIs, as shown in Figure 69, show
alimited parameter sensitivity to temporary and permanent staff but alarge sensitivity to individual
phases of permanent staff. The other KPIs are only limited influenced by this policy change. This
suggests that the model balances it staff over the different permanent phases, as the total capacity
of permanent staff does not change. The results of the of the residence time in the associate phase,
which is 6years is not different to the assistant phase. The same behaviour is observed apart from
this phase being slightly less susceptible to change.

In the model the residencetime of professorsis 11 years. The results of all the models KPIs, as shown
in Figure 70, show a parameter sensitivity to change in the professorship years. Noteworthy is the
increasing uncertainty inthe individual professor phase. Thisis aninteresting observation keepingin
mind the change of retirement age as a policy measure.
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Figure 70: Sensitivity Analysis — Residence time Professor
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Total Research Time

In the model the total research time is 1380 hours per year, which is based on data from literature.
The results of all the models KPls, as shown in Figure 71, show an increase in sensitivity over the
years, especially inthe permanent phases. Thisisdue tothe increased stagnation of funds for science
and the call for additional funds. As such the permanent phases, who receive institutional funding,
becomes volatile to change over time.
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Figure 71: Sensitivity Analysis — Total Research Time

MULTIVARIATE SENSITIVITY ANALYSIS
After conducting univariate sensitivity analysis on the important exogenous variables, multivariate
sensitivity analysis is conducted by combining related variables. The combined effects of this
parameters on the models are investigated with this analysis. The description of these variables are
given below.

e Multivariate Sensitivity Analysis for testing parameters related to residence time

e Multivariate Sensitivity Analysis for testing parameters related to cost structures

e Multivariate Sensitivity Analysis for testing parameters related to promotion fractions

Alsowiththe multivariate sensitivity analysis the parameters are changes 10 per cent with random
uniform distributions. This time the simulation is run a 1000 times.

Residence time [PhD promotion time, contract time TRS, assistantship, associateship and
professorship]

The results in a combined residence time sensitivity analysis, as shown in Figure 72, show limited
parametersensitivity. This is in line with the univariate analysis conducted on individual residence
time. Combined sensitivity shows that increasing the residence time does only affect the
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proportionality between the phases. Only changing the individual residence time can change the
number of staff within a specific phase.
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Figure 72: Sensitivity Analysis — Multivariate Residence Time

Cost Structure [Temporary researcher cost, permanent researcher cost, initial project funds and initial
institutional funds]

The resultsina combined residence time sensitivity analysis, as shownin Figure 73, show substantial
parametersensitivity. However, this was expected asitis a estimated variable that is calibrated over
time to fit the historical data. Noteworthy is this analysis is the sensitivity to total residence time of
the staff based on the cost structure. If there are limited funds available, TRS will remain in the
temporary phases until it becomes frustrated and leaves academia. Because a delay between funding
and the eventual departure exists, funding can have a volatile impact on residence time, with the
focus on the temporary research phases.
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Figure 73: Sensitivity Analysis — Multivariate Cost Structure

Promotion Fractions [academic career promotion fraction, successful permanent application fraction,
assistant promotion fraction, associate promotion fraction and professor retire fraction]

The resultsina combined promotion fraction sensitivity analysis, as shown in Figure 74, show limited
parametersensitivity. Thisis comparable with the individual tested fraction that were also not very
sensitivity to change.
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Figure 74: Sensitivity Analysis — Multivariate Promotion Fractions
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APPENDIX 8: MODEL CALIBRATION
RESULTS

The incorporated parameters and variables within the SD model environment did not research the
desired behaviour. The model consists of a number of uncertain exogenous parameters that create
the behaviourovertime. While these uncertainties are explored in section 8.4, some uncertainties
about the structure of the model and the parameter estimations can be identified during model
calibration. The tests that have been conducted to optimise the model results are shown in the
following 3 sections.

FAIR VALUES

Initially the model was created around the yearly real value change in research funding as shown in
Figure 75. To correctthe inflation and estimate the cost of hiringand maintainingresearchers model
stock variables were created to represent the cost increase. This created 4 not real-world
parameters: initial temporary researchers cost, initial temporary research cost, yearly increase
permanent costs and yearly increase of temporary costs. By calibration these parameters over their
uncertainty ranges, limited behavioural resemblance with the observed historical data was obtained.
To this extent, the exogenous real-value based parameters were substituted by their fair-value
counterpart. This change was based on the CBS-fair value calculator. Based on real values and the
decrease from 4 unknown parameters to 2 unknown parameters (temporary and permanent
research costs) better model behaviour was computed.
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Figure 75: Calibration: Real-Value to Fair Value (a) old model and (b) old graphical output

FUNDING STRUCTURE

Initially the model was created around the stock flow structure of the different funding regimes as
shownin. Howeverthese dynamics caused volatile behaviour in the capacity adjustment section of
the model and consequentially the promotion of academic staff. To correct this behaviour, funding
adjustmentdelays were created torepresent the use of funds by public research organisations. This
computed 1 not-real-world parameter. By calibration these parameters over the uncertainty ranges,
limited behavioural resemblance with the observed historical data was obtained. To this extent, the
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structure was adjusted and substituted by model stock variables: yearly amount of funding available.
This implies a yearly sum of grants that has to be exploited on a yearly bases which could pose
limitations. However, based on this structure and the decrease of one unknown parameter value
better model behaviour was observed.

FACULTY PROMOTION

Initially the model was created with promotion fractions and average residence times based on the
WOPI data obtained from the VSNU database. However, these fractions are based on yearly mobility
data over the time frame 2003-2011, which is comparable with the info graphic in Figure 47. This
dataisonly of limited validity as variety between years existand some numberare notincluded. The
average data fractions are therefore calibrated and new fractions were obtained that created better
model behaviour.
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Figure 76: Calibration: Old Funding Structure

138



APPENDIX 9: BEHAVIOURAL PATTERN TESTS RESULTS

To validate the behaviour of the model, the output is compared with the historical WOPI data between 1999 and 2014. This Appendix shows a descriptive
and a graphical representation of the historical validation. Note that the datasets between 1999-2006 and 2006-2014 are not completely comparable
making behavioural validation difficult. The data representation can be found in Table 23.
DATA REPRESENTATION

Full Professor Associate Professor Assistant Professor | Other Academic Staff PhD Candidates Publications
Historical Model Historical Model Historical Model Historic.al Model Historical Model Historical Model

1999 2013 2013 1972 1972 4539 4539 5024 5024 3417 3417 - -
2000 2089 2104 2001 1947 4434 4528 5386 4891 3908 4169 38951 38260
2001 2126 2175 1978 1925 4292 4512 4954 4513 5108 4880 39815 38780
2002 2166 2235 2027 1899 4309 4453 5047 4003 5698 5494 38784 39110
2003 2165 2274 1993 1869 4354 4352 5034 3561 6163 6031 39682 39190
2004 2182 2304 2009 1837 4153 4244 4838 3222 6556 6494 42205 39130
2005 2119 2333 1909 1806 3909 4167 5167 3122 6521 6893 43577 39160
2006 2181 2364 1925 1780 3969 4128 5347 3190 6686 7240 43423 39450
2007 2229 2388 1985 1755 4052 4086 5550 3277 6752 7543 45995 39890
2008 2321 2410 2015 1734 4184 4055 5631 3452 7170 7803 46321 40390
2009 2421 2428 2033 1713 4292 4025 5955 3879 7488 8039 45270 41060
2010 2504 2443 2076 1694 4376 3999 5977 4552 7697 8235 46240 42000
2011 2481 2450 2053 1675 4404 3955 5882 5370 8110 8410 46095 43090
2012 2482 2453 2046 1653 4386 3902 6126 6127 8140 8557 46981 44090
2013 2542 2454 2083 1635 4455 3858 6243 6725 8147 8672 47937 44860

2014 2529 2454 2097 1616 4539 3822 6516 7237 8160 8767 - -

R? 0,74 0,37 0,00 0,49 0,97 0,65
MAPE 14% 39% 99% 30% 1% 19%

Table 23: Data representation for calculation R2 and MAPE
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GRAPHICAL REPRESENTATION

Historical validation is the process of comparing the model output to historical data in the Netherlands. Because two data-sets are compared, 1999-2004
and 2005-2014, and differentsources and criteriaare used to create these data-sets, it only offers alimited representation of the historical development of
the academic workforce in the Netherlands.
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Figure 77: Graphical representation of PhD and TRS phases

In terms of PhD candidates, Figure 77 shows that the simulation results replicates the historical trendsin the data. Thisis in line with the outcomes of the R
square and MAPE test. The simulation does not exactly follow the same behaviour but has a similar increase over time. The steep rise in PhD candidates is
mostly due to the policy initiative to add an additional bonus to graduates PhD candidates. Figure 77 also shows that development of the TRS limitedly
correspondents with the historical data. The simulation does not exactly follow the same patterns, whichis relatively unstable overtime. Between 1999 and
2007 the historical databehavesina volatile manner. The model datatries to follow that behaviour. From 2005 onwards the d ata follows the same increase
inworkforce, corresponding with the new data-set. Both graphical representations suggest that the model dataresponse slowly to changes in the academic
career system. This delay could have an effect on the outcomes. The volatile historical behaviour of TRS can also be describe d based on the temporary
contract structures and the flexible in- and outflow of TRS in this phase (Goede et al., 2014).
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Figure 78: Graphical representation of Assistant- and associate professor phases

As forthe number of assistant professors, Figure 78 shows how the simulation replications the decreasing trend in assistants followed by a growth. Even
thoughthe numerical output does not capture the historical data entirely, it does repre sent the same kind of behaviour: a declines followed by a gradual
growth. It is worth noting that the TRS and assistant phase is closely intertwined making it possible that the responses in the model do not occur
simultaneously due toinformation delays. Figure 78 also shows the historical data of associate professors with the model data. However here the behaviour
of the two stocks are slightly different. While the historical dataremains stable overtime, the model behaviour is decreasi ng with goal seeking behaviour.
Optimising the behaviour of the stock, however, didincrease the validity but decreased the validity of other stocks in the permanent phases. This suggests
that the data used to model the stock is too limited to represent the historical behaviour over time.

Figure 79 represents the historical data of the professor phase with the model outcomes. It does capture s the behaviour of the professors stock from. Of all

permanent academic staff, professors are the ones that most often change their positions. They do not only come from other positions, but also from
outside academia. In the model professors are modelled relatively staticovertime, in correspondence with the formative system it is situated in. Figure 79
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also shows the number of publications of research staff over time. It follows the same pattern, however, the historical data seems to increase more over
time.

Historical VValidation Professors Historical VValidation Publications

5000 70,000

3750 60,000
£ 2500 /g/:—a & 50,000
«w o

1250 40,000

0 30,000

1999 2003 2007 2011 2015 2019 2023 2027 1999 2003 2007 2011 2015 2019 2023 2027

Time (Year) Time (Year)

Model Data Historical Data Model Data Historical Data

Figure 79: Graphical representation of the Professors phase and research publications

142



APPENDIX 10: UNCERTAINTY ANALYSIS

In this appendix the model uncertainties will be analysed. Input uncertainties will be tested with the use of Monte Carlo simulations within the SDM
environment and structural uncertainties will be tested by comparing the nominal case with the alternative case. First the promotion fractions and
residence times within the permanent faculty phase will be analysed. Then the structural uncertainties PHD promotion, TRS promotion and desired funding
will be analysed.

PROMOTION OF FACULTY MEMBERS - RESIDENCE TIME

The individual residence time of different staff influences the promotion. The parameter data is now obtained from the WOPI database and shows a static
average residence time. However theseresidencetimes can change overtime based on external indicators. For instance, the perception on the position of
assistants can change. Therefore, itisinteresting to simulate the variations of residencetime in the faculty stage. Because itis expected that mostresidence
times are concentrated around the variable that was found in literature, a normal distribution is used with a multivariate component.

Residence Mean Minimum Maximum Deviation Justification
Time [year]
Assistants 7 2 9 2 Mean [obtained from WOPI], Minimum [USA System obtained from (Gomez Diaz, 2012)],

Maximum [1/3 of total residence time if professorship is not obtained], Deviation [small
due to high tendency to be promoted]

Associate 6 3 15 4 Mean [obtained from WOPI], Minimum [USA System obtained from (Gomez Diaz, 2012)],
Maximum [2/3 of total residence time if professorship is not obtained], Deviation
[medium as not all assistants will reach professorship]

Professor 11 5 15 6 Mean [obtained from WOPI], Minimum [USA System obtained from (Gomez Diaz, 2012)]
, Maximum [1/3 of total residence time if professorship is not obtained], Deviation [high

due to high turnover, and variation in residence time tendencies]
Table 24: Uncertainty Analysis, Justification Individual Residence Time, partly based on empirical observations (Rathenau-Institute, 2015a)

The SD method already have standard information delays within its structure. However, these delays do not always compute the right behaviour for the
outflows. Structurally, different delays can be included within the model, but do not give the range of uncertainty for the given parameter. Realistic
uncertainty margins that have been found, and shown in Table 24, have been used to get a realistic uncertainty range for these variables.
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Figure 80: Uncertainty Analysis, Individual Residence Time
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Figure 80: Uncertainty Analysis, Individual Residence Time Figure 80 show the results of the multivariate UA for average individual residence time. The
individual staff sizes show a high uncertainty for the chosen ranges. These uncertainties were expected. More interesting is the small disturbance in
behaviour for associate professors between 1999 and 2010 that could be rather large uncertainty margin in assistant professors. Additionally, the total
amount of permanent staff only shows limited uncertainty suggesting that the distribution or turnover of staff changes but the amount of permanent staff
remains the same.

The combined residencetime of the faculty staff also influences the promotion. Due to limited information on average residen ce time a comparison with
international counterpartsis used. Forthis purpose two studies are compared. One, the US system with a total academic faculty time of 17.66 years (Larson
& Gomez Diaz, 2012) and the total average total academic faculty time of 30.50 years (Goede et al., 2014).
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Figure 81:Uncertainty Analysis, Faculty Residence Time

Figure 81 show the results of the multivariate UA for average combined residence time. A univariate uniform distribution is adopted to see the uncertainties
over the obtained uncertainty range. The uncertainties have a relative small impact on the individual stocks. It however has a significant impact on the
turnover of the academic staff, suggesting that residence times changes the throughput but not the size of the stocks.

PROMOTION OF FACULTY MEMBERS - PROMOTION FRACTIONS

Promotion fractions are found within the WOPI database. The fractions are however static and therefore unchangeable over time. It is assumed that these
fractions can change to an amount of 10 percent of theirnominal state based on a random uniform distribution. Additional re searchis needed to detemmine
the rangesin which promotion takes place at PRO’s. Table 25 shows the promotion fractions that are chosen to conduct the UA for the promotion fractions.
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Promotion Fraction | Assistant Assistant Promotion Associate Associate Professor ProfessorRetire
[dmnl] Application Fraction Fraction Application Fraction PromotionFraction ApplicationFraction Fraction
Mean Value 0.37 0.37 0.06 0.44 0.13 0.34
Minimum 0.30 0.30 0.05 0,35 0,10 0.26
Maximum 0.44 0.44 0.08 0.53 0.16 0/39
Table 25: Uncertainty Analysis, Promotion fractions
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Figure 82: Uncertainty Analysis — Promotion Fractions

The promotion fractions all have an expected impact on the relevant variables, shown in Figure 82. The same conclusions for this analysis can be drawn:
uncertainties in total amount or permanent researchers is marginal suggesting distribution changes.
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PROMOTION OF FACULTY MEMBERS - COMBINATION

Here the combination of the input uncertainties within the faculty stage of the academic career is shown. Figure 83 shows the results who lead to the
overall conclusion discussed in Section 8.4.
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Figure 83: Uncertainty Analysis — Combined Input Uncertainties
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STRUCTURAL UNCERTAINTY - PHD PROMOTION

most important variables.

Here the capacity mechanisms based PhD promotion is substituted with areproduction rate. The results, shown in Figure 84, shows different behaviour for
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Figure 84: Uncertainty Analysis — PhD Promotion
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STRUCTURAL UNCERTAINTY - TRS PROMOTION
Here the capacity mechanisms based TRS promotion is substituted with a choice factor. The results, shown in Figure 84Figure 85, show an increase in

residence time for academic staff. Other variables only marginally change to this structural uncertainty.
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Figure 85: Uncertainty Analysis — TRS Promotion
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STRUCTURAL UNCERTAINTY - DESIRE FOR FUNDING

Here the endogenous change in funding is substituted with an exogenous parameter which is based on growth estimations. Figure 86, shows small

differences, suggesting that the incorporated model structure could describe the system.
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Figure 86: Uncertainty Analysis — Desire for Funding

Ratio of Temporary to Permanant

725

.65

Dmnl

575

5
2000 2003 2006 2009 2012 2015 2018 2021 2024 2027
Time (Year)

Ratio of Temporary to Permanant : Structural: Funding
Ratio of Temporary to Permanant : Base Run

Total Residence Time Academic Career

35

34.75

345

Year

34.25

34

2000 2003 2006 2009 2012 2015 2018 2021 2024 2027
Time (Year)

Total Residence Time Academic Career : Structural: Funding
Total Residence Time Academic Career : Base Run

150



