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Abstract. The Vienna Doctoral Programme on Water Re-
source Systems (DK-WRS) is a programme that aims to ed-
ucate students in interdisciplinary water science through cut-
ting edge research at an international level. It is funded by
the Austrian Science Fund and designed to run over a period
of 12 yr during which 80 doctoral students are anticipated to
graduate. This paper reports on our experiences of setting up
and implementing the Programme. We identify three chal-
lenges: integrating the disciplines, maintaining depth in an
interdisciplinary programme, and teaching subjects remote
to each student’s core expertise. To address these challenges
we adopt a number of approaches. We use three levels of
instruments to foster integration across the disciplines: joint
groups (e.g. a joint study programme), joint science ques-
tions (e.g. developed in annual symposia), and joint study
sites. To maintain depth we apply a system of quality con-
trol including regular feedback sessions, theses by journal
publications and international study exchange. For simulta-
neously teaching students from civil and environmental en-
gineering, biology, geology, chemistry, mathematics we use
visually explicit teaching, learning by doing, extra mentoring
and by cross relating associated subjects. Our initial assess-
ment of the Programme shows some very positive outcomes.
Joint science questions formed between students from var-
ious disciplines indicate integration is being achieved. The
number of successful publications in top journals suggests
that depth is maintained. Positive feedback from the students
on the variety and clarity of the courses indicates the teach-
ing strategy is working well. Our experiences have shown
that implementing and running an interdisciplinary doctoral
programme has its challenges and is demanding in terms of
time and human resources but seeing interactions progress
and watching people grow and develop their way of thinking
in an interdisciplinary environment is a valuable reward.

1 Introduction

Most real problems in water resources science and engineer-
ing are interdisciplinary. For example, a shallow aquifer
providing drinking water requires sustainable management.
Management must consider the interactions between the
aquifer and overlying surface water. This requires an under-
standing of the hydrology, chemistry and biology of stream-
aquifer interactions along with the political economy driving
extraction, pollution and other water uses. Managing floods
requires an understanding, not only of hydrology but also
of factors governing runoff, such as meteorology and plant
physiology. Tools such as remote sensing provide valuable
information. Engineering solutions involve mechanics, op-
timisation, systems engineering and economics. Hard so-
lutions can increasingly provide only one part of the man-
agement strategy, and an understanding of economics, gov-
ernance and societal participation in decision-making helps
determine appropriate management.

From a research perspective, the most interesting science
questions are also interdisciplinary. To understand aquifers,
questions surround the interplay of chemical, physical and
biological processes. How can we measure aquifer processes
in the field and laboratory? How can we upscale laboratory
findings to the field scale, in the presences of multi-scale het-
erogeneity and preferential flow? How can we build mod-
els that replicate processes that can be evaluated at the field
scale? For understanding flood processes, interesting science
questions are: What are the mechanisms of runoff genera-
tion at multiple scales? How can we capture flood processes
by remote sensing and other measurement techniques? How
can the risks posed by floods be quantified in coupled hu-
man/natural systems?

People with the capacity to work in an interdisciplinary
manner are needed to address society’s interdisciplinary
problems (Wolman, 1977). Doctoral level education is im-
portant because this is the stage where students are trained to
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be researchers and are prepared for their future careers. In-
terdisciplinary research training is of critical importance for
arming the future generation with the skills to address soci-
ety’s global challenges.

Interdisciplinary is about synthesis of fragmented knowl-
edge and understanding collected by a variety of disciplines
(Blöschl, 2006). It involves, “bringing together people and
ideas from different disciplines to jointly frame a problem,
agree on a methodological approach and analyze the data”
(Golde and Gallagher, 1999, p. 281). Several interdisci-
plinary doctoral programmes have been set up with similar
objectives. They generally follow one of three approaches:

a. The doctoral programme is attached to a multi-
disciplinary research centre. Programmes run out of
multi-disciplinary departments such as computer sci-
ence, hydrology or development studies characterise
this approach.

b. Students enrolled in the doctoral programme remain at-
tached to their distinct disciplinary departments but are
brought together through a central programme. The
Bio-X programme at Stanford University brings to-
gether PhD students from scientific and engineering dis-
ciplines focussed around biosciences research through
grants to support their interdisciplinary training (Nel-
son, 2011).

c. Short-term (perhaps annually repeated) programmes
bring together a collection of research students, who
work intensively together, for example during a grad-
uate summer school. The University of Illinois Hy-
drologic Synthesis Project follows this model, bringing
together a small group of hydrology research students
from a variety of disciplinary backgrounds for six week
residential summer institutes to address science prob-
lems (Thompson et al., 2011).

There are benefits and challenges to each of the ap-
proaches. Multi-disciplinary research centres and their as-
sociated doctoral programmes demonstrate interdisciplinary
success by their very existence (Golde and Gallagher, 1999).
Such programmes tend to be applied in areas where merging
of disciplines into new fields has become widely accepted,
but they are rarely found where research at disciplinary in-
terfaces is just beginning to be explored. The creation of a
central programme or centre to which students are affiliated
allows students to develop and maintain a strong relationship
to their own research field, along with access to appropriate
human and physical resources that help them achieve their
PhD. For academic career development, a strong disciplinary
background is considered to be essential (Nelson, 2011).
Short-term programmes are thought to offer the benefits of a
long-duration programme (development of new skills, expo-
sure to external experts and expansion of understanding and
awareness) over a relatively short period of time. However,

their challenges include harnessing human and financial re-
sources (Thompson et al., 2011).

The question remains as to which approach is most ef-
fective, or perhaps more importantly, which features of the
approaches used in an interdisciplinary doctoral programme
are most effective. In this paper we describe our experiences
of setting up and implementing a multi-disciplinary doctoral
programme in water resource systems. Our aim is to arm
others thinking about or planning a similar endeavour with
some guidance as to what works well, what is particularly
challenging, and which areas need careful attention, based
on our own experiences.

2 Aims and strategy of the Vienna Doctoral Programme
on Water Resource Systems

2.1 Aims of the programme

Interdisciplinary, international and cutting edge research:
The Programme was initiated to produce top graduates ca-
pable of conducting advanced, independent research which
cuts across multiple disciplines. Each Doctoral Programme
graduate should be an in depth researcher in their chosen re-
search field who has made an original contribution to science
and should also be able to understand and communicate with
specialists in other disciplines. They should have developed
critical reasoning skills necessary to discover new theories
and incorporate new experimental evidence. They should be
able to approach water resource problems from various view-
points in an integrated way. Hence, they should not only
know their subject in great detail, but also be able to place
their research topic in the broader context of understand-
ing and managing water resource systems in an innovative,
sustainable manner. Graduates learn that they must com-
pete with, and collaborate with world leaders in their field
of specialisation. The Programme is international, and em-
phasises to graduates that there is one international research
community.

An essential element of interdisciplinary research is to un-
derstand how different disciplines think (Castán Broto et al.,
2009; Petrie, 1976). There is great diversity in ways of think-
ing and mindsets among the multitude of disciplines linked
to the water sciences. When the disciplines span only the nat-
ural sciences there are great differences in world views, such
as those of physicists and ecologists (Table 1). When the dis-
ciplines span both the natural and social sciences there can
be even greater disparity in views and approaches. Positivist
natural scientists search for one truth, while pluralist social
scientists accept that there are many different world views
which tend to be dependent on who or what is constructing
the issue (Price, 2003; Redclift, 1998). An essential element
of interdisciplinary training is to teach students how other
disciplines think.
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2.2 Strategy of the programme

The success of the Programme hinges on whether interdisci-
plinarity is achieved, whether cutting edge research is con-
ducted and whether the education system forms graduates
that can operate in, and benefit from, an interdisciplinary
environment. The strategy chosen to implement the Pro-
gramme is therefore extremely important. It was noted back
in the 1960s that designing an education programme for wa-
ter resources (an area of specialisation) presents many prob-
lems when compared to designing a programme for a specific
discipline (Hufschmidt, 1967). Three challenges were identi-
fied here that were anticipated to be potential barriers to im-
plementing an interdisciplinary programme: (1) integrating
the disciplines, (2) maintaining depth in an interdisciplinary
programme, and (3) teaching subjects remote to each stu-
dents’ core expertise. In this section we explain these chal-
lenges and in Sect. 3 we describe our approaches for over-
coming them.

2.2.1 Challenge #1: integrating the disciplines

Universities are separated into discrete disciplines. Strong
cultural identity is associated with many disciplines, and uni-
versity administration and funding structures affirm disci-
plinary boundaries (Wagner et al., 2011). Interdisciplinary
centres are a relatively new structure, and their acceptance
into traditional systems is essential. In some situations, in-
tegration between disciplines may evolve as research agen-
das or students demand courses which bring multiple disci-
plines together, such as the environmental sciences (Wolman,
1977). The ambitions of senior researchers to explore ar-
eas at the boundaries of traditional disciplines can also drive
linkages. However, at the doctoral level integration is likely
to need support due to the short timescale of the doctorate
(three to four years) and the level at which candidates work
(conducting research rather than driving a research agenda).
Special efforts to achieve integration were therefore priori-
tised.

Three levels of integration were identified (Fig. 1). The
first level of integration focuses around joint groups and in-
cludes approaches that aim to simply mix students together
and give them an initial experience of other world views.
Second level integration is more intensive, and focuses on de-
veloping joint science questions and enhancing the individu-
als’ capacity to understand and synthesise alternative systems
and methods into their own work. The third level of integra-
tion aims to foster active interdisciplinary exchange through
joint research with study sites as a focus. More details of the
activities conducted at each level are given in Sect. 3.2.

Fig. 1. Three levels of integration in the Vienna Doctoral Pro-
gramme on Water Resource Systems.

2.2.2 Challenge #2: maintaining depth in an
interdisciplinary programme

Deep understanding of a specific topic is essential in order
that a graduate makes a novel contribution to knowledge,
a primary requirement of a PhD. The nature of some inter-
disciplinary research, for example whereby one researcher
includes ideas, methods and approaches from many disci-
plines, can lead to broad knowledge and understanding of
many topics, but on a more superficial level. The potential
danger faced by interdisciplinary research students is that
they spread themselves over many different areas and have
insufficient time to fully develop their skills in a particular
research area.

Students in the Doctoral Programme must achieve deep
expertise in their area of specialisation. However, they must
also be able to link their expertise to the expertise of other
specialists. The Programme developed and applied an Ap-
ple Core concept of education where the breadth of the ap-
ple core indicates breadth of expertise (Fig. 2). PhD stud-
ies should be narrow, deep and focussed, but an interdisci-
plinary education should raise awareness to, and capacity to
relate to other narrow and focussed research areas. A sys-
tem of quality control was developed to ensure that the Pro-
gramme sought to create specialists rather than generalists.
This included a rigorous candidate selection process, regular
presentation of material to internal and external specialist au-
diences, production of a thesis proposal and its satisfactory
defence, a thesis comprised of peer reviewed journal papers
and a thesis examination by international experts (in line with
EU standards).
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Table 1. Different world views of physicists and ecologists (mind sets) (from Harte, 2002).

Physics Ecology

The more you look, the simpler it gets The more you look, the more complex it gets
Primacy of initial conditions Primacy of contingency and complex historical factors
Universal patterns; search for laws Weak trends; reluctance to seek laws
Predictive (chaos notwithstanding) Mostly descriptive, explanatory
Central role for the ideal systems Disdain for caricatures of nature

Fig. 2. Apple core concept of education: the width of the apple
shows the breadth of topics covered at each stage of education. Doc-
toral studies are narrow, focussed and deep. A significant feature of
the Doctoral Programme is that all candidates are constantly ex-
posed to the specialist work of other candidates (illustrated by the
other apples with arrows showing interaction) thereby raising their
capacity to relate to other areas of specialisation.

2.2.3 Challenge #3: teaching subjects remote from
students’ core expertise

Doctoral Programme students have a diverse range of aca-
demic backgrounds. Communication is one of the major
challenges for teachers facing a class of heterogeneous stu-
dents. The teacher must communicate the information on
their topic to a group with very different understandings of
the concepts and information being presented. During the
first and second year of the Programme students are expected
to attend an array of courses from outside their own area of
specialisation. A significant challenge to teaching staff is ef-
fectively conveying their material to students with little or no
background in the subject being taught. For example, how
can calculus be taught to biologists? How can soil science be
taught to structural engineers?

3 Implementation and assessment

3.1 Set up of the programme

In 2009 the Centre for Water Resource Systems was set up
as the home for the Doctoral Programme. The interdisci-
plinary Centre is attached to the vice-rectorate of research,
which demonstrates its importance to Vienna University of
Technology. The university was instrumental in setting up
the Centre and providing strategic office resources to sup-
port the interdisciplinary initiative. Funding was secured
from the Austrian Science Fund and this backing, specifi-
cally for interdisciplinary programmes, is an essential ele-
ment for the set up and implementation of the Programme.
Matching funds were provided by the Vienna University of
Technology. Currently, 23 students, six academic staff (the
faculty) and one full-time coordinator are engaged in the Pro-
gramme. Six students are fully supported by the Austrian
Science Fund, two students are supported by Vienna Univer-
sity of Technology, one is supported by the Schlumberger
Foundation. These students are able to designate 100 per
cent of their time to their personal research and education
and are expected to complete their PhD in four years. The re-
maining students are supported through other project related
funds attached to the Faculty. They also take part in univer-
sity project work, are involved in teaching and some have
research related administration responsibilities. These stu-
dents are given a longer time frame to complete their PhDs
(4–5 yr). The Austrian Science Fund supports programme
activities, conference attendance, education training etc. for
all students. It is planned that the Programme will run until
2022 and will engage a total of 80 students.

A recruitment campaign for the first intake of students
took place in mid 2009. Advertisements for nine fully funded
positions (8 studentships and one post-doctoral research and
co-ordination position) were announced in more than 20 in-
ternational science newspapers or careers websites. The Pro-
gramme received more than 600 applications from 74 coun-
tries which shows interest across the world in both wa-
ter resources research and in interdisciplinary doctoral pro-
grammes. We imagine that the breadth of the advertising
campaign helped achieve the high number of applications.
From the 600 applications, the faculty put together a shortlist
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of 25 candidates who were invited to Vienna to take part
in a rigorous selection seminar. The seminar aimed to not
only identify the most academically promising candidates
but to also distinguish individuals who showed strong team-
working capabilities and motivation to be part of an inter-
disciplinary programme. The decision to base acceptance on
social skills and team-working as well as academic merit was
made because it was felt that these characteristics would be
essential for overcoming some of the challenges of integrat-
ing the disciplines.

The selected candidates are all highly motivated and
enthusiastic about water sciences and interdisciplinary re-
search. They have strong interpersonal and communica-
tion skills and show a commitment to personal and profes-
sional development. They also represent a range of nation-
alities (students in the Programme come from Canada, USA,
Germany, Netherlands, Spain, Czech Republic, Poland, Slo-
vakia, Hungary, Austria, Italy and Ethiopia) and have a de-
sire to work in international and multi-cultural environments.
They are all highly proficient in English (the working lan-
guage of the Programme).

3.2 Integrating the disciplines (Challenge #1)

Three levels of instruments are used to achieve integration
between the students and their research fields (Fig. 1). First
level instruments are about forming joint groups where ideas
and experiences can be exchanged. They include shared of-
fices, courses, seminar series and cluster meetings. Second
level instruments are used to develop joint research questions
and include joint supervision and symposia. Third level in-
struments create an environment for joint learning by doing
and are focussed around shared study sites.

3.2.1 First level integration – joint groups

Joint group activities are designed to create a situation where
students exchange ideas and experiences. The intention is to
mix students from different disciplines together to give them
the opportunity to learn about each other’s scientific world
views (mind sets) and to perhaps question their own positions
and views.

Shared offices– students are jointly affiliated to both their
supervisors’ research institute and to the Centre for Water
Resource Systems. Office space is provided within the Cen-
tre for a multi-disciplinary mixture of students which ensures
day-to-day mixing of different disciplinary views. This strat-
egy generally works well and the eclectic mix leads to many
interesting discussions over coffee on topics as specific as
thesis and academic paper structure, and as general as meet-
ing the millennium development goals ambition of halving
the number of people without access to water and sanitation
by 2015 (http://www.un.org/millenniumgoals/environ).

Students’ affiliation to the supervisors department was
more weakly cemented in some cases, particularly for

individuals new to their supervisors’ research field and to the
University. During the first year of the Programme some stu-
dents wanted to be more greatly integrated into their super-
visors’ institutes. Supervisors responded to this by setting
up meetings where the new students could introduce them-
selves and their work and by ensuring their student received
invitations to departmental seminars and discussion sessions.
These actions helped, but the kind of informal integration
which the students were expecting where they could happily
knock on the doors of their disciplinary colleagues with ques-
tions and problems naturally took longer to develop. The
annual symposium which took place at the end of the first
year and gathered together all students seemed to strengthen
bonds between individuals linked to specific departments.
This experience suggests that linking multi-disciplinary stu-
dents through shared office space is very effective but re-
search students also wish to have a strong sense of disci-
plinary identity. This should also be supported through in-
tegration by the supervisor into their department.

Study programme– all students took a compulsory basic
study programme in the first year of the Programme (Table 2)
Lecturers noticed that courses led to some very interest-
ing experiences that showed the different disciplines world
views. For example, the lecturer on modelling and simula-
tion methods highlighted the types of differential equations
used in different areas of water resource systems. At the be-
ginning of the course most of the students were familiar only
with the differential equations from their own field. It took a
while for them to understand that there are identical differen-
tial equations for different chemical, biological and physical
systems. For instance, the diffusion equation plays to both
subsurface water flow and heat conduction. When they re-
alised the similarities they also realised that the same solu-
tions and modelling methods can be used across disciplines
for specific applications. This was made possible by interac-
tive discussions during courses when the students explored
their views and experiences of differential equations in their
field and learned, not just from the lectures, but also from
each other (group learning).

Students have the opportunity to select several advanced
courses from a range offered by the Programme and the Uni-
versity (Table 2). These detailed courses develop students’
understanding of the issues and methods used in different re-
search fields. They also lead to further interaction between
students through joint practical and research assignments.
For example, the advanced course on spatial data from pho-
togrammetry and remote sensing brought together hydrol-
ogy, remote sensing and water quality research students to
collaborate on a practical assignment. Students found that
remote sensing and hydrology were strong collaboration ar-
eas because of the interplay between remote sensing methods
that detect soil moisture and hydrological processes at the
land surface. Remote sensing can provide hydrologists with
valuable data and information on moisture conditions while
hydrologists can help remote sensing researchers to interpret
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Table 2. Courses of the compulsory basic study programme and
selective advanced programme.

Basic study programme (compulsory)

Basics of stochastic mechanics
Health related water quality targets and urban water management
Modelling and simulation methods in water resource systems
Resource and river basin management
Spatial data from photogrammetry and remote sensing
Water resource systems and socio-economic concepts

Advanced study programme (selective)

Case studies of integrated water resources analyses
Isotope hydrology
Methods in aquatic molecular ecology and microbial diagnostics
Psychology of sustainability
Resource management design
Spatial data from photogrammetry and remote sensing (practical)
Structural optimisation

their data through providing information and understanding
of the processes taking place at the surface.

Intensive, block courses delivered by internationally
renowned lecturers were offered to all students of the Pro-
gramme. Topics include economics and governance of water,
and modelling the fate and transport of microbes in aquatic
systems. These courses brought together a diverse collection
of students enrolled in the Programme, together with external
students and practitioners from the region. The discussion
sessions in these courses were particularly useful for show-
ing how different disciplines recognise broad water resource
challenges. For example, microbiologists tended to contex-
tualise water resource challenges in terms of providing safe
drinking water and sanitation, while hydrologists tended to
contextualise them in terms of hard and soft engineering so-
lutions, and associated modelling challenges.

All study programmes were generally well received and
all students passed all necessary courses. During a feed-
back session on course quality, students noted that they learnt
more from courses with a good introduction and which were
highly interactive with plenty of opportunity to ask questions.
Time management and stimulating motivation were some-
times challenges. Students were highly motivated to work
on their research and students sometimes felt that courses
detracted time away from research. The faculty encouraged
students to think broadly about their education and empha-
sised that individual research can benefit, and each student’s
capacity as a water resource professional can be enhanced
by devoting time and energy to subjects unconnected to their
current research area. Two years into the Programme stu-
dents are realising that they gained a lot by attending gen-
eral courses which covered background material on health
related water quality targets and urban water management,
and resource and river basin management, and economics

and governance of water. Several students have noted how
their understanding of the complexities of agricultural pol-
lution, regulation and economics has brought in new dimen-
sions to their own research.

Seminar series– invited speakers from around the world
have given seminars on many different aspects of water re-
source systems – water disinfection and microbial water
quality, vegetations impact on evapotranspiration, nutrient
balance in rivers, life-cycle optimisation for maintenance
and monitoring of bridges and ships – to name just a few.
These seminars were all specifically designed for an inter-
disciplinary audience and speakers presented their material
in an exceptionally clear and accessible manner. The semi-
nar series aims to create an environment where students learn
about cutting edge approaches and paradigms used in other
disciplines, exchange ideas and think creatively about poten-
tial applications to their own area of specialisation.

Cluster meetings– to open-up disciplinary borders, all
members of the Programme are allocated to at least one re-
search cluster group (Fig. 3). Cluster groups are formed
around the themes of risk, health related water quality, mod-
elling and systems analysis, water resource management and
soil moisture and scaling, and one of the study sites covered
by the Programme (the Petzenkirchen Hydrological Open
Air Laboratory – HOAL). Many people are members of more
than one cluster group and the overlap aims to further inte-
grate the groups. The groups hold regular meetings where
they either discuss a journal paper (journal clubs), have un-
structured discussions or brainstorming sessions, or discuss
each other’s work. The aim of the cluster groups is to cre-
ate a forum where people with different disciplinary back-
grounds meet around a central theme which focuses their at-
tention. For some individuals the cluster meetings are an es-
sential forum for making decisions on the direction of their
research. For example, the HOAL group meet regularly to
discuss which instruments would be needed and feasibly in-
stalled into the research catchment. Each member of the
group has an important stake in these decisions which affects
which data are available for their thesis. For other groups
the cluster meetings are less essential for completion of their
doctorate but instead provide a place where they can think
about the value of their work for society, or identify ideas for
future work.

About one year into the Programme, the modelling and
systems identification cluster wanted to inject some creativity
into their meetings. They noted that their meetings tended to
consist of a presentation by one member of the group outlin-
ing their method and application, some discussion between
similar discipline members while other discipline members
looked on, sometimes bored. The group decided to change
their strategy to try to find a more integrated approach to clus-
ter meetings. They wanted to be more problem focussed and
think creatively on how they could apply their methods to
alternative settings. They chose to hold a brainstorming ses-
sion to explore the question “which research topics can be
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Fig. 3. Research cluster groups of the Vienna Doctoral Programme
on Water Resource Systems.

chosen to easily generate interdisciplinary scientific output
– open problems versus state-of-the-art methods?”. This led
to the identification of many different research problems (for
example, the need for a large number of hydrological input
parameters) and possible methods (for example, model or-
der reduction). The creative ideas that emerged from this
workshop fuelled a joint question on how model reduction
techniques developed for structural mechanics could be ap-
plied to rainfall/runoff modelling. These experiences of clus-
ter groups show that they are very important forums for ex-
change, learning and creativity between multi-disciplinary
researchers.

3.2.2 Second level integration – joint research questions

Joint research questions are at the heart of the interdisci-
plinary collaboration as this is where most of the intellec-
tual exchange between doctoral students occurs. In line with
the Apple Core concept (Fig. 2), PhD studies should be nar-
row, deep and focussed but, to enable interdisciplinarity, two
or more students should jointly contribute to a wider sci-
ence question and interact in the process. For example, one
of our overarching research questions is “what are the pro-
cesses controlling phosphorus dynamics in a small agricul-
tural catchment?”. There are a number of physical, chemical
and biological processes relevant to this question, each of
which are dealt with by a student who is an expert in their
own speciality but is able to understand the language and the
mindset of the students from the other disciplines.

For example, since phosphorus is mainly transported at-
tached to sediment particles we need to know where and
why erosion occurs in the catchment to understand phos-
phorus transport on the land surface. We also need to know
the processes controlling the dissolution, precipitation, sorp-
tion and desorption processes of phosphorus. These are two

interesting research questions per se and they contribute to
the overarching research question. Also, direct interactions
between individual students are needed for them to achieve
their own specific research goals. For instance, erosion is
driven by surface runoff controlled by topography and rough-
ness, and conversely, erosion affects the microtopography.
The remote sensing student therefore needs the expertise of
the hydrology student (or supervisor) in terms of what are hy-
drologically meaningful surface features, and the hydrologi-
cal student needs the expertise of the remote sensing student
(or supervisor) in terms of the interpretation of the roughness
and topographic results of the Lidar analysis. Similarly, a
soil science question addresses where preferential flow paths
occur, and this is connected to the spatial soil moisture dis-
tribution within the catchment.

The individual questions contributing to the phosphorus
dynamics example are illustrated in Fig. 4. Typically, each
individual science question will result in a journal paper.
The student with the core expertise will be the first author,
a student (or supervisor) involved from a different discipline
will be second or third author. To enable the interactions
between students from different disciplines and encourage
joint questions the doctoral programme adopted three main
instruments: joint supervision, annual symposium and clus-
ter groups.

Joint supervision– each student has a main supervisor
and a secondary supervisor, each based in a different uni-
versity department. The Programme exploited existing co-
operations between faculty members selected to be part of
the Programme. Prior collaborations had taken place be-
tween all members of the faculty and they were therefore
familiar and comfortable working with each other. Reg-
ular meetings, particularly during the initial stages of the
PhD, took place between the set of supervisors and the stu-
dent, with the specific intention of searching out and devel-
oping research questions which span the disciplines. This
approach is stimulating for the supervisors and provides the
student with the opportunity to learn about research ques-
tion development. For example, a joint research question on
the potential use of biological and artificial tracers for ex-
amining and predicting the transfer of dangerous microbes
to groundwater and their potential for groundwater contam-
ination was developed by microbiologists and hydrologists.
They are interested in how the interactions between virus par-
ticles, colloids and aquifer matrices affect the movement of
pathogenic viruses through groundwater. This work will ulti-
mately help inform our understanding of the risks to drinking
water aquifers, and provide information on which manage-
ment strategies (such as the proper delineation of protection
zones) can be based.

Annual symposium– this aims to provide a forum for in-
tegration between all members of the Doctoral Programme
and for providing a creative, informal environment for ex-
ploring potential joint research questions (Fig. 5). Dur-
ing the first annual symposium extended poster discussion
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Fig. 4. Example of an overarching joint research question show-
ing the interplay between the disciplines in addressing the question.
The individual questions contributing to the joint research question
are typically addressed in one research paper.

sessions were held where each member of the Programme
presented a poster. These sessions provided a forum for
discussion of each other’s work, supported creative devel-
opment of joint research questions and explored novel ap-
proaches for addressing existing research problems. Many
examples of creative thinking emerged during the sympo-
sium. A joint research question was put together on how flow
paths of agricultural fertilisers (nitrogen and phosphorus) in
the Petzenkirchen HOAL study catchment are influenced by
weather events. This emerged though discussion between
water quality, hydrology and soil science researchers who
all brought their own skills and expertise to the discussion.
A water quality researcher and a remote sensing researcher
discussed how spatial analysis techniques could be applied
to measure the extent of foam cover on surface water. This
work would address a critical need in water quality monitor-
ing and is being developed further by the researchers within
the Programme.

During the annual symposium students and faculty discov-
ered that, as expected, one of the major difficulties was with
communication. Acronyms were forbidden and technical ter-
minology was meant to be kept to minimum. This is no easy
feat and all were encouraged to ask when something was not
clear. For example, a mechanics student who was running an
experiment on structural stability by placing masonry on a
shaking platform described how the method required to, “in-
crease the excitation level until the load carrying capacity is
exceeded”. This was clarified to show that it meant, “shake
it until it breaks”.

Another challenge was ensuring that the right amount of
information was given to the audience. The audience needed
to be able to grasp the concepts and methods to enable them
to contribute ideas and suggestions to any student’s research
work. However, too much information led to overload and a
feeling of being overwhelmed with information, leading to a
loss of interest in the presentation and work. A brief, simple
introduction which outlines the current state of the art and the

Fig. 5. Discussions during the annual symposium.

applications of the student’s research was identified as being
very important. A feedback session held after the symposium
showed that discussion sessions were viewed very positively,
but sufficient information on the research topics needed to be
given in order that the audience were able to poise relevant
questions and identify potential territory for collaborations
and joint research questions.

In addition to providing a stimulating environment for
identifying joint research questions, the symposium proved
very effective at revealing differences in ways of thinking
and perceptions to key concepts between the different disci-
plines. During one discussion, the different ways in which
disciplines understand and deal with risk became very clear.
Although the basic definitions are comparable, hydrologists
and engineers deal with risk principally in terms of directly
measurable numbers and statistics, whereas toxicologists or
microbiologists often have to deal with complex biological
models (for example, animal-testing) which does not allow
for a direct and explicit calculation of human health risks.
Besides the statistical based derivation of human health risks
they often have to deal with risk minimisation concepts or
comparable strategies (Blöschl et al., 2011b; Stalder et al.,
2011).

Cluster meetings– many of the first level integration in-
struments also led to the development of joint research ques-
tions. The cluster group meetings were particularly effective
because they brought together a small group of diverse re-
searchers who were focussed around a specific research area.
The soil moisture and scaling cluster combined hydrologists
with remote sensing researchers. They focussed on combin-
ing their approaches to complement each other’s research ar-
eas. A recent publication which emerged from this cluster
group compares the effectiveness of soil moisture uncertainty
estimates derived from satellite data to those derived from
hydrological models (Doubkova et al., 2012). Interaction be-
tween microbiologists and hydrogeologists within the health
related water quality cluster group led to the development
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and testing of a joint hypothesis that river level fluctuation
reduces virus removal during river bank filtration. Numerical
analysis showed that this is the case, and water level fluctua-
tions do indeed reduce virus removal.

The courses also led to creative thinking and the devel-
opment of joint research questions. By introducing students
to governance and economics, a joint question between a so-
cial scientist and water quality and hydrology researchers has
begun to explore how water management strategies, devel-
oped in collaboration with community participants, impact
hydrological and environmental conditions. Within this re-
search question, it is first paramount to devise suitable ways
of measuring hydrological and environmental changes which
fit to the temporal and spatial scales over which community
collaboration activities have taken place. Researchers from
many different fields are needed to contribute their skills,
ideas and expertise to address this methodological challenge.

3.2.3 Third level integration – joint study sites

Joint study sites aim to further develop joint research ques-
tions, provide a setting for problem focussed creative think-
ing and a site for data collection and experimentation for
research. The Doctoral Programme worked on several re-
search sites, Petzenkirchen Hydrological Open Air Labora-
tory (HOAL), the Lobau wetlands, and some regional studies
cover all of Austria.

Petzenkirchen HOAL– the 64 ha research catchment lo-
cated about 100 km from Vienna is the major research site for
several students whose theses explore: runoff processes; ero-
sion and sediment transport; and quantifying nutrient inputs
through agricultural drainage systems. Students spend a con-
siderable amount of time at the site installing and operating
the advanced instrumentation, sampling and running experi-
ments. Sizable infrastructure funding from the Vienna Uni-
versity of Technology assisted in purchasing and installing
state of the art equipment. During these activities students
work in small groups to devise joint hypotheses, identify the
optimal set-up for instrumentation, and design experiments
that will help them all reach their aims (Fig. 6). For exam-
ple, a flooding experiment was conducted in summer 2011 to
assess how change in hydraulic conditions in the stream af-
fects the sediment transport capacity and subsurface hydrol-
ogy during a flood event. Ongoing work is also exploring
the extent to which flow rate fluctuations are caused by pro-
cesses in the riparian zone, the role of micro-pores in trans-
ferring precipitation to overland flow, the nature and role of
flow paths for nutrient transport processes and the use of tur-
bidity for estimating suspended sediment loads (see Eder et
al., 2010).

Students working on this study site also have to pay close
attention to social and economic factors and the “real world”
problems of balancing multiple resource users in a concen-
trated area. Students are increasingly aware of the com-
plexities of agricultural management practices. Fertiliser

Fig. 6. Field work in the Petzenkirchen Hydrological Open Air
Laboratory, a focus catchment located close to Vienna.

application and runoff to water ways is intricately connected
to not only the seasonal, biological demands of the crop
and the physical and chemical processes taking place at the
land surface, but also to the socio-economics of agricul-
tural production and the policies which regulate fertiliser
applications.

The catchment provides students with first-hand experi-
ence of working with other disciplines on a joint research
project and teaches them how interdisciplinary teamwork
leads to more efficient and effective research. It also provides
an education centre where students working in other areas
and on other topics, such as, “Assessment of environmental
changes for natural resources management in North Western
Ethiopia”, can develop research hypotheses and learn instru-
mentation and data collection methods. The site gives stu-
dents who might not traditionally have conducted fieldwork
the opportunity to spend time in the field learning about field-
work methods. For example, the catchment provides a focus
for a mainly computer-based structural engineer to collabo-
rate with a mainly field-based soil scientist to explore runoff
model identification. These experiences all demonstrate the
value of the study sites for achieving interdisciplinarity.

Lobau wetlands– this multi-use wetland nature reserve
on the edge of Vienna is a study site for several stu-
dents researching diverse topics such as, “Terrain and land
cover models from full-waveform Lidar measurements” and
“Suspended load processes in streams and interactions with
groundwater”. A large resource of existing data from the
site is complemented by further data collection through the
Programme. Groundwater dynamics and the potential im-
pact of land use and land use changes on groundwater qual-
ity is of particular interest. Joint research between a hydro-
geologist and a remote sensing specialist is exploring how
data on surface vegetation can be determined using airborne
laser scanning data, and how this information can be used
to improve the outputs of groundwater models applied to a
flooding event (Vetter et al., 2011). Complementary work is
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exploring and modelling hydraulic interaction processes be-
tween rivers and groundwater (see Derx et al., 2010).

The area is politically complex as land management has
to balance demands from tourism and recreation, nature pro-
tection and ground water abstraction for domestic purposes.
Conflicts at the political level are intricate and students work-
ing in the area are exposed to these challenges and the impact
they can have on their own research. Some ministerial de-
partments can be sensitive over the publication of data and
students (supported by supervisors) learn to negotiate politi-
cal complexities.

Austria – students within the Programme are working at
many different spatial scales. The country of Austria pro-
vides the focus for a hydrologist investigating regional flood
frequency, a remote sensing researcher exploring large scale
soil moisture and an environmental engineer investigating the
impact of agricultural productivity and human consumption
patterns on the country’s water footprint (see Rogger et al.,
2012 for the flood perspective).

3.2.4 Summary of instruments for integration

All the instruments used by the Doctoral Programme seem to
contribute to integration. As expected, first level integration
approaches help to achieve understanding between students,
and enable them to communicate better with each other. Su-
pervision and the annual symposium are important for ini-
tiating joint research questions across the entire Programme.
However, joint study sites provide the most dynamic environ-
ment for really searching out and identifying research ques-
tions that are of interest to many different disciplines.

3.3 Maintaining depth in an interdisciplinary
programme (Challenge #2)

Cutting edge research is one of the key aims of the Doctoral
Programme and to achieve this, students must become ex-
perts in their field of specialisation. To help students, the
Programme has set up a number of requirements.

Thesis proposal– supervisors and students work closely
together during the first months of the doctorate to develop
the student’s research proposal (a document of 15 to 20 pages
that outlines the aim of the thesis, some background, the
work-plan and a time schedule). Each research topic is differ-
ent and some students request more supervisor involvement
than others. Supervisors are available for their students, yet
encourage them to take ownership of their research and de-
velop their own ideas and strategies for tackling the topic.
Students defend their proposal to the faculty, during which
time the research approach is discussed and questions are
raised by both the faculty and the other students. Super-
visor support during the formation of the proposal helps to
ensure that, to date, no student fails to produce a research
proposal that is satisfactory. The process encourages stu-
dents to think beyond their immediate work and put together

a robust and realistic personal research agenda. We empha-
sise that putting together and defending a research proposal
is intended to be constructive and enhance the quality of the
students’ own research.

Theses by journal publications– additionally, each stu-
dent’s thesis must be comprised of four, first author peer re-
viewed journal papers. Journals are selected in terms of the-
matic suitability and standing in the field (for example, ISI
listed). Students are encouraged to submit work throughout
their doctorate and it is therefore expected that several pa-
pers will be published within four years of study. To take
account of the sometimes long turn-around time of journals,
the PhD can be awarded if one or two papers are submitted,
and the rest accepted or published. Some of the students who
had completed their Master thesis on a topic different from
their PhD thesis felt that four journal papers was a high tar-
get. However, two years into the Programme it seems that
four journal papers can be achieved.

Thesis examination by international experts– the Pro-
gramme is fully committed to the international standards for
PhD education as discussed in EUA (2005) and follows guid-
ance for European Doctorates (ROGET, 2007). This includes
that an external, international expert forms one member of
each student’s thesis examination committee to ensure good
practice (ROGET, 2007). We anticipate that almost all the
students enrolled in the Programme will achieve their goal of
earning a PhD. This is anticipated primarily because involve-
ment in the Programme provides students with a high level
of support from the faculty and their peer group. However,
there is also a clearly defined exit route in case a student fails
to meet the requirements.

International study exchange– each student also has the
opportunity to spend six months abroad at an internation-
ally renowned research institute for their area of specialisa-
tion. This gives students the opportunity to complement their
training in Vienna with new methods and approaches and to
develop their personal and research skills.

Regular feedback and evaluation– the Doctoral Pro-
gramme must ensure that it functions in the most effective
manner and provides students with the support they need to
become part of the elite in their fields. A system of quality
control has been adopted to continually monitor and improve
the activities, decisions and actions made by the Programme.
This includes annual reviews of the Programme by an exter-
nal advisory panel comprised of three senior academic mem-
bers from USA, Spain and Switzerland. Students have the
opportunity to voice their concerns and offer their sugges-
tions on the structure and running of the Programme during
regular feedback sessions. Student representatives (elected
by the students) sit on the Programmes steering commit-
tee and play an important role in liaising between the fac-
ulty and the student body. A recent change was to reduce
the Programme’s requirement for block course attendance.
Students found that the requirement that they attended four
block courses placed too much pressure on their time. The
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steering committee agreed and reduced the requirement to
only one course over the four year period.

The instruments designed to achieve integration also help
students achieve depth in their research. Mentoring through
regular meetings with supervisors ensures that each student’s
progress and direction is continually assessed and necessary
changes to their research agenda are identified and imple-
mented. Cluster meetings have also been shown to be es-
pecially helpful in developing individual research. During
the resource management cluster meetings, students present
their work every six months to a cross-disciplinary audience
of internal and sometimes external experts. The suggestions
and ideas that emerge from these meetings enhance the depth
of specific research being undertaken.

The ultimate assessment of whether the Programme
achieves its aim of cutting-edge research will be the research
outputs, primarily in the form of peer reviewed journal pa-
pers. To date, students involved in the Programme have col-
lectively produced 10 published papers, with many more un-
der review or in preparation. The collaborative work is of
particular interest and although defining joint research ques-
tions and producing ground-breaking research in these ar-
eas has been identified as challenging, several papers are
currently in preparation that are direct collaborations be-
tween students from different disciplines. The transfer of
methods across fields is particularly promising, for example
the application of model reduction techniques used in struc-
tural engineering to hydrological modelling. Many more pa-
pers have benefitted indirectly from cross-disciplinary dis-
cussions, ideas, data and methods.

3.4 Teaching subjects remote from students’
core expertise (Challenge #3)

Students have the opportunity to take a range of basic and ad-
vanced courses surrounding many different areas of water re-
source systems. The basic courses are compulsory and intro-
duce students to the different ways of thinking, approaches
and terminology used by different academic disciplines. The
course programme was designed to develop individuals who
could successfully interact with and benefit from people in
other disciplines, rather than create individuals who were ex-
perts in all fields. To convey approaches and ideas, lectur-
ers have to find ways to communicate concepts and world
views (such as those held by ecologists and physicists in Ta-
ble 1). Lecturers were all aware that teaching to a hetero-
geneous group (in terms of knowledge, experience and in-
terests) would present challenges and embraced the opportu-
nity to explore new approaches and methods to communicate
their subjects.

The disciplinary backgrounds of the students in the Pro-
gramme is diverse and covers mathematics, civil engineer-
ing (structural, resource management, hydrology and water
quality), soil science, chemistry, environmental engineering,
geology, geography and biology. Lecturers realised that to

successfully communicate they needed to be aware of the
background of each student, and relate this background to
the students’ perception of the world and their expected un-
derstanding of the concepts being taught. Several approaches
were applied:

Visually explicit teaching– complex themes are taught
through images rather than equations and text. For example,
in the course on modelling and simulation methods the topic
of Fourier transforms was explained by visuals that high-
lighted the similarities with the spectrum of light rather than
a formal derivation based on equations. Similarly, differen-
tial equations for first order decay of concentrations in a lake
was visualised graphically instead of with formal derivations.
Basic concepts to derive water safety plans for protection of
drinking water resources were developed and discussed in
group work during the examination of the course “Health re-
lated water quality targets and urban water management”.

Cross relating to associated subjects– the similarity be-
tween heterogeneities in soils and masonry were highlighted
to environmental science and engineering students. Simi-
larly, methods to describe problems in terms of differential
equations and strategies to solve them are almost identical in
hydrogeology and structural dynamics. The essential role of
hydrology for any water quality related question was high-
lighted to chemists, biologists and microbiologists. Case
studies were used to illustrate risk, hydrology, water qual-
ity and water resources management. Also, differences in
nomenclature among the scientific disciplines were explic-
itly addressed in the basic study courses. For example, in
hydrology the term “process” relates to the physical mech-
anism of rainfall while in statistics “process” relates to the
characteristics of a time dependent random variable such as
rainfall rate.

Learning by doing– a lecture on water governance and
decision-making processes was followed by a structured role
playing game to illustrate management challenges. Each stu-
dent was allocated the role of a group representative in a
fictitious city in the process of upgrading their water man-
agement plan (for example, city mayor, head of the water
commission, representative from the agricultural, etc.). Each
role was given specific instructions on conditions they would
and would not agree to within the management plan. They
were then told to reach a decision through discussion and
negotiation. Students reported that they found the exercise
very useful for visualising decision making processes, gov-
ernance structures and power systems, and understanding the
complexities of real world decisions due to multiple interests
and agendas.

Extra-mentoring– lecturers often provided extra sessions
to cover challenging topics such as calculus. These ses-
sions taught the topic at the speed of the slowest person in
the group. Revision groups were held to recap and address
weak areas before examinations. Both of these approaches
were essential for bringing all students up to an equal level
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on all basic study courses by the end of the first year of the
Programme.

Bringing in external experts– external experts with ex-
perience of teaching their topic to multi-disciplinary post-
graduate students taught some of the block courses. For
example, an economist from a centre for environmental re-
search taught a valuable course on the economics of water.
This was complemented by a policy scientist who taught a
course on water governance. These courses were taught in
general terms and introduced basic principles to serve as a
foundation for future work in these areas.

The Programme also offered a number of short courses on
soft skills. For example, a course on writing a scientific pa-
per was appreciated by the students and a similar course was
held for a wider audience during the 2011 General Assembly
of the European Geosciences Union (Blöschl, 2011). Some
of the students also attend language courses to complement
their existing language skills.

3.5 The human factor

The approaches for integration, ensuring depth in personal
research and teaching specialised topics to a diverse disci-
plinary group are all influenced by personal characteristics
and dynamics between individuals. Successful integration
relies on trust and connectivity between individuals (Renzl,
2008). Trust is essential to allow free and open dialogue
that allows creativity to emerge. Trust means that individ-
uals can focus their energies on working together rather than
monitoring each other to ensure they act as expected (Pretty
and Ward, 2001). Connectivity ensures that channels for in-
formation exchange exist which enables individuals to work
together. Interdisciplinary programmes are known for their
difficulties in developing trust and connectivity because of
the different world views held by different disciplines, dif-
ficulties in communication and differing ideas on research
priorities (Mills et al., 2011).

Faculty – the Doctoral Programme was built upon long-
standing experiences of collaboration between faculty mem-
bers. Numerous joint proposals had been funded and projects
had been completed between members of the Programme on
topics such as snow modelling and remote sensing, soil mois-
ture estimation, nutrient balancing in the Danube countries
and treated wastewater infiltration as a method for disposal
in remote locations. These collaborative projects had led to
dozens of joint publications prior to the Programme. Faculty
members had also taught undergraduate and masters level
courses jointly on topics relating to modelling and design-
ing water management systems. These experiences had built
personal relationships and mutual trust between the faculty
members. These initial starting conditions are likely to be
very important when setting up and implementing an inter-
disciplinary doctoral programme.

Students– at the start of the Programme new students were
brought together in a new setting and trust and connectivity

needed to be developed. The first, second and third level
approaches for integration (described in Sect. 3.2) focus
on building trust and developing connectivity between stu-
dents. Our experiences suggest that some specific attention
is needed to foster trust and build relationships to the extent
where free and open discussion can take place between indi-
viduals for developing joint research questions. Early in the
Programme a dispute arose between two students over the in-
tellectual property rights of a set of research questions. The
questions had been put together through individual and col-
laborative work on a similar topic. This had led the students
to reach similar ideas on their research direction. A joint
meeting was able to show the students that the process of
idea formation had revealed many similar research ideas and
helped them to identify the overlap and differences between
their planned work. This ultimately strengthened their col-
laboration over the following years. This experience suggests
that joint meetings should be held regularly and it should be
explained to students that overlapping research will emerge
and is a good product from integration.

In addition to the many informal social gatherings, partic-
ularly at the start of the Programme, the annual symposium
was especially important for developing personal and profes-
sional relationships between Programme members (Fig. 7).
This was held at a retreat away from the university and in-
cluded an overnight stay. The schedule for the symposium
included an afternoon session for team-building activities
which created a relaxed atmosphere and is likely to have
helped form relationships, connections and trust. Our experi-
ences suggest that these aspects are important and should be
included within any interdisciplinary doctoral programme. It
may also be beneficial to run a symposium early to “jump-
start” the process of forming connections and trust between
all individuals.

4 Programme benefits and lessons learned

Experiences from the first year of the Programme indi-
cate that the objectives (interdisciplinary, international and
cutting-edge research) are being achieved. Interdisciplinary
integration is emerging and can be seen by the numerous
joint research questions described throughout this paper that
are being developed and put into action through collabora-
tive research plans. The Programme is clearly international
because the 23 students involved in the Programme come
from more than 10 countries. Courses, seminars and con-
ferences organised and attended by Programme participants
bring students into contact with some of the world’s best ex-
perts. We imagine that that the research semester abroad
will further develop each student’s connection to their in-
ternational research community. More than 10 publications
in peer reviewed journals have been produced at this early
stage of the Programme with many more under review or
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Fig. 7. Students and faculty of the Vienna Doctoral Programme on Water Resource Systems.

in preparation. This suggests that students are conducting
cutting-edge research.

4.1 Benefits

From our experiences, we believe that an interdisciplinary
programme has the potential to provide a number of bene-
fits to students, its host university and to academia and the
scientific community.

4.1.1 Benefits to students

The students of the Programme are expected to work collab-
oratively with others from different research fields. We have
seen how students working at Petzenkirchen HOAL share
monitoring resources and data, and work cooperatively to
use each other’s strengths to develop joint solutions to prob-
lems. Recently, a number of students worked together to de-
sign and install a unique water quality monitoring system.
This demonstrates aptitude to teamwork which is a distinc-
tive skill for doctoral graduates. This suggests to us that grad-
uates of the Programme, who have both specific expertise
and team work skills, may perhaps have a career advantage
over graduates from single discipline doctoral programmes.

From our observations, students of the Programme are de-
veloping considerable depth in their area of specialisation.
However, they are also developing an ability to relate their re-
search to other specialisations. During discussions, students
regularly ask each other how they might integrate their re-
search topics and discuss creative applications for either their
own work or the work of their peers. This integrated think-
ing that seems to be emerging suggests to us that graduates
will be in a strong position to understand the complexities of

water resource system management, and develop innovative
solutions to the problems, in collaboration with others.

The students of the programme are confident and outgoing
and seem to be embracing the opportunities for developing
their own network from conferences, seminars and interna-
tional research exchange. It is hoped that by the time grad-
uates complete their PhD they will be well connected to the
international research community which will be beneficial to
them in their future careers. It is also hoped that many of the
relationships and networks forged between students during
the Programme will remain after their graduation, leading to
benefits associated with an interdisciplinary network.

4.1.2 Benefits for Vienna University of Technology

We received 600 applications for nine positions in 2009 and
we hope that we will continue to receive applications from
high calibre candidates. From what we can see, this influx
of talent has created a highly dynamic and capable research
centre within the university. The Centre is gaining interna-
tional visibility. For example, the Centre was invited to take
part in a tender for an EU Project to investigate the impact
of climate change on drinking water in Europe specifically
because the initiators of the tender recognised the strengths
that the Programme’s broad skills and languages (more than
13 languages are covered by members of the Programme)
would strengthen their application.

Over the longer term, we believe that the Programme is
creating a strong multi-national group of alumni who we an-
ticipate will become future leaders of the water sector. Their
current and future achievements will reflect positively on Vi-
enna University of Technology. Similarly, the Programme
is leading to the development of much new collaboration
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with leading institutions at the global level. We look forward
to developing these collaborations further over the coming
years to continuing to strengthen the quality of research tak-
ing place at Vienna University of Technology.

4.1.3 Benefits to academia and the scientific community

The Programme can be thought of as an experiment in in-
terdisciplinary research and education. It has been devel-
oped through examining the successes of other programmes
and provides further evidence to the education and research
community that interdisciplinary doctoral programmes can
work but they require careful implementation and support.
The set up and experiences from the Programme has been
presented at international conferences (Blöschl et al., 2010,
2011a). Other institutes have shown considerable interest in
how the Programme has been arranged and how it is func-
tioning. This interest may be in part due to the increasing
emphasis from funders, students and employers for interdis-
ciplinary education and research. Institutes are also recog-
nising the potential benefits to science from integrating dis-
ciplines and identifying new science questions where disci-
plines interplay.

4.2 Challenges

Our experiences of setting up and implementing the Vienna
Doctoral Programme on Water Resource Systems have re-
vealed many benefits. We have also encountered expected
and unexpected challenges:

– The Programme is intensive and time demanding. Stu-
dents become experts in their own field of specialisa-
tion and develop understanding of many other fields to
the extent that they can work with concepts, ideas and
approaches within their own research. We use courses,
journal clubs, cluster meetings and symposia to develop
these skills. These approaches do give students a good
understanding of other research disciplines, but require
time, energy and motivation. This reduces the time
available for students to work on their individual re-
search. Our experience shows that group courses should
be concentrated into the first year of the PhD when re-
search ideas are being developed. This means that dur-
ing subsequent years the majority of time is designated
to individual research.

– An interdisciplinary PhD requires four years rather than
three years (traditionally expected for a disciplinary the-
sis). The additional time needed to complete a PhD in
an interdisciplinary programme must be factored in by
funders, students and supervisors.

– Developing joint research questions is difficult. The
Programme recognised that students would find it chal-
lenging to identify areas of overlapping interest how-
ever, we have also found that joint research questions

have emerged between students from very different re-
search fields. The cluster meetings, annual symposia
and supervision have all contributed to these achieve-
ments. Regular meetings between students and their
joint supervisors are beneficial.

– One of the critical challenges is to balance the impor-
tance of free and creative thinking that may sometimes
lead to research findings that are difficult to publish,
against the importance of publications. Our efforts to
address this are shaped by the mechanisms and support
systems described in the paper. These are designed to
create a “free” environment where creativity blossoms,
but which support students and focus their energies onto
research topics where results are achievable.

4.3 Lessons learnt

We have identified some important lessons that may be use-
ful to others planning or implementing an interdisciplinary
doctoral programme:

– Select candidates who show capacity to integrate with
others and willingness to work as part of a team.

– Cultivate team work and explain that joint research
questions and collaborations emerge out of joint work.

– Hold symposia as often as possible and ensure that they
take place away from the normal place of work. It
may also be beneficial to hold a symposium early on in
the programme to give students the opportunity to learn
about one another and their planned research.

– Build on existing relationships between faculty mem-
bers. Our experience suggests that a successful pro-
gramme will build on relationships and mutual trust
that exists between faculty members prior to the pro-
gramme. Interdisciplinary doctoral programmes should
exploit strong existing relationships demonstrated by a
history of collaborations.

– Use a problem-orientated approach. Our experiences
show that students are interested in exchanging research
ideas and methods centred on a specific problem. Clus-
ter group meetings that worked well took a problem
focussed approach and, for example, searched out cre-
ative applications for existing methods. The research
study sites were especially good for providing a clear
and applied focus for joint problem solving and are
highly recommended for any interdisciplinary doctoral
programme.

– Adapt teaching to meet the interests and needs of an in-
terdisciplinary group. Courses that were viewed pos-
itively were those that had a good introduction and
were highly interactive with plenty of opportunity to ask
questions.
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– Pay special attention to communication. During sym-
posia and meetings we continually emphasized that it
is the responsibility of the presenter to ensure that all
members of the programme are able understand the
work being described. Simple terminology, graphics
and describing work in applied terms all help to achieve
this. We have learnt that allocating more time for large
and small group discussion is better than allocating
more time to individual presentations.

– Hold regular feedback and assessment sessions. The
Programme benefited from regular feedback sessions
and continual assessment, modification and improve-
ment to its structure based on the experiences of stu-
dents and supervisors. Active feedback was sought fol-
lowing every semester of courses and block courses and
after each symposium. Regular faculty meetings and
student representation on the Steering Committee meant
that issues and ideas were brought into a setting where
decisions on Programme adjustments could be made.

5 Conclusions

The Vienna Doctoral Programme provides an example of
how an interdisciplinary doctoral programme can be ar-
ranged and implemented. Our experiences show that chal-
lenges are to be expected and they can broadly be grouped
around the areas of integration, ensuring graduates have
depth to their expertise, and teaching specialist subjects to
non-specialists.

In this paper we have presented our experiences of these
challenges and described how we have attempted to over-
come them. Our strategy has been based on a mixture of
structured and unstructured arrangements:

– Structured education programme.

– Create opportunities for informal communication.

– Structured and informal mentoring.

– Flexibility in programme structure based on feedback.

The Doctoral Programme is a joint learning exercise between
students, supervisors and all research and education partners
involved. The Programme provides an intense education ex-
perience to its students, provides added value to the univer-
sity, and is starting to lead to significant contributions to sci-
ence. Our experiences show that it is possible to integrate
students from many disciplines while still maintaining a high
quality research programme. It is also possible to teach spe-
cialist subjects to non-specialists. We also believe that in or-
der to open up boundaries between disciplines students need
to understand that different disciplines not only speak differ-
ent languages but think differently as well. The Programme’s
initial experiences suggest that students can make significant

progress in understanding how other disciplines think, and
that this development is an important achievement from an
interdisciplinary education.

Time availability and management of time are critical fac-
tors. While a doctorate completed in a traditional programme
may take three years our experience suggests that a doctor-
ate within an interdisciplinary programme will require four
years. This is because of the additional course work de-
mands and integration activities which expand away from the
student’s area of specialisation. Activities need to be priori-
tised and careful judgement is needed to assist the student
in decisions relating to the allocation of their time. Our ex-
periences have shown that implementing and running an in-
terdisciplinary doctoral programme has its challenges and is
demanding in terms of time and human resources but seeing
interactions progress and watching people grow and develop
their way of thinking in an interdisciplinary environment is a
valuable reward.
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