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Executive Summary

The global expansion in physiological modelling activities emerging from the ready availability of
sophisticated computing platforms has brought about an increased demand for modelling skills from
both clinical and industrial disciplines. Matching this user demand is the escalating interest from
scientists and engineers in training systems that would equip them for sustainable lifelong career
paths within the modelling discipline.

The academic community has a responsibility to respond to this twin impetus by developing
carefully-crafted educational processes that can align the desires of the individuals to the needs of the
community. The benefits will be tangible, as both the healthcare and industrial sectors will see
further developments in technology and concomitant improvements in treatments and outcomes. Yet
it is important that a strategic approach be adopted, fulfilling and managing the emerging demand for
training whilst carefully balancing provision and need.

The tasks for the Network of Excellence are therefore to identify and characterise the unmet needs,
and to formulate optimised strategies for bridging the educational gaps. This involves understanding
the current European training landscape, investigating the needs of end users and education
providers, and putting forward cost-effective and timely proposals for the provision of a first-class
educational framework for cooperative, supportive and sustainable action.

This document represents and an initial step towards the achievement of these goals and recommends
practical steps that could be taken within the lifetime of the NoE to confirm and fine-tune the
suggested approach and to initiate the training delivery process. Additionally it identifies challenges
that, to be addressed fully, may require policy decisions by the Commission or initiatives to be
implemented at the level of the individual member states. Finally, it proposes systems of
measurement to ensure that the planned targets of the identified educational developments are met.

The approach adopted, which draws on the experience of WP4 members to explore the context of
training and the background of existing researchers within a small number of centres, has focussed in
the first instance, on the UK and Spain and will subsequently rolled out across all academic members
of the NoE. One finding of this process is that successful development of novel training initiatives
requires consideration of local requirements within a pan-EU context. This includes fundamental
issues such as institutional and member states buy-in and the availability of sustainable funding to
support such training.

The current document provides the overall context and background of current training opportunities
and discusses some possible routes towards implementation of a specific VPH pilot training module
within the lifetime of the VPH NoE. A formal plan for the pilot course will be delivered in Project
Month 18 (D4.6) and the final Academic Strategy Document (D4.11) will be available at the end of
the project, at Project Month 54. Complementary documents covering other specific aspects related
to VPH training; (D 4.4 Strategy for cooperation with Clinical/industrial stakeholders, D 4.5
Strategy for promotion of mobility schemes for VPH researchers, D4.8 Industrial and Clinical
Career needs Strategy Document, D 4.9 Educational material for clinical awareness and D4.12 the
VPH textbook, will be delivered over the course of the NoE. Thus the present report provides the
background for the development of a more detailed strategy and implementation.
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I. Introduction
The impressive level of investment in the Virtual Physiological Human (VPH) in Europe is being
matched by similar enthusiasm in the Far East1 and the United States2, all the more impressive for
taking place against a background of adverse economic circumstances. Similarly the publication rate
in the field of physiological modelling is accelerating apace3, as the next great development in
medicine gets seriously under way, and innovations become increasingly centred on the improved
wisdom that comes from the distillation of fresh knowledge gained by innovative insights from new
modelling technologies.

There is scarcely a field of medicine that is not experiencing a rich and exciting increase in the level
of activity associated with enhanced modelling approaches to physiological understanding, and this
brings with it a responsibility, particularly on educators, to match this growth with an assortment of
teaching approaches that allow the concomitant societal need for a matching highly-competent
workforce, able to meet the demands of medicine and industry.

This report examines the changing environment within medicine, and develops strategies for the
phased introduction of well-matched educational systems to meet these needs. It does this by
examining the current educational position within Europe, describing the available mechanisms that
allow cooperative innovations to be introduced, and proposing an optimised set of strategies that
build on existing strengths to meet the identified challenges by harnessing opportunities for
interaction and change. Specific action within the lifetime of the VPH NoE will take the form of
implementation of a pilot training module, which is to be described in detail in a future Workpackage
4 deliverable (D4.6).

Finally, it explores the practical steps that could be taken within the lifetime of the Virtual
Physiological Human Network of Excellence (VPH NoE) to begin the process of educational
enrichment that will ensure that medicine and industry throughout Europe are appropriately equipped
to meet the possibilities offered by this new and important discipline. As many aspects of VPH
technology progress to maturity there will be an increasing focus on translational activities, and the
document recognises that this may lead to a requirement for a more structured approach to training
and a formalisation of the skills base.

1 STEP Consortium. Seeding the EuroPhysiome: A Roadmap to the Virtual Physiological Human. [Online] 5 July 2007,
<http://www.europhysiome.org/roadmap>. Also see: Hunter, P. J. & Nielsen, P. M. F. 2005 A strategy for integrative
computational physiology. Physiology. 20, 316–325.
2 Besides STEP Consortium document also see: Hunter, P.J. & Borg, T.K. 2003. Integration from proteins to organs: the
Physiome project. Nature, 4, (237) 243; and Hunter, P.J. 2006. Modeling living systems: the IUPS/EMBS Physiome
project. Proceedings IEEE, 94, 678-991
3 Clapworthy, G., Kohl, P., Gregerson, H., Thomas, S., Viceconti, M., Hose, D., Pinney, D., Fenner, J., McCormack, K.,
Lawford, P., Van Sint Jan, S., Waters, S., & Coveney, P. 2007, "Digital Human Modelling: A Global Vision and a
European Perspective," In Digital Human Modelling: A Global Vision and a European Perspective , Berlin: Springer, pp.
549-558; Clapworthy, G., Viceconti, M., Coveney, P.V., & Kohl, P. 2008. The Virtual Physiological Human: building a
framework for computational biomedicine I. Philosophical Transactions of the Royal Society A: Mathematical, Physical
and Engineering Sciences, 366, (1878) 2975-2978 available from here; Fenner, J.W., Brook, B., Clapworthy, G., Coveney,
P.V., Feipel, V., Gregersen, H., Hose, D.R., Kohl, P., Lawford, P., McCormack, K.M., Pinney, D., Thomas, S.R., Van Sint
Jan, S., Waters, S., & Viceconti, M. 2008. The EuroPhysiome, STEP and a roadmap for the virtual physiological human.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 366, (1878) 2979-
2999 available from here ; Hofmann-Apitius, M., Fluck, J., Furlong, L., Fornes, O., Kolarik, C., Hanser, S., Boeker, M.,
Schulz, S., Sanz, F., Klinger, R., Mevissen, T., Gattermayer, T., Oliva, B., & Friedrich, C.M. 2008. Knowledge
environments representing molecular entities for the virtual physiological human. Philosophical Transactions of the Royal
Society A: Mathematical, Physical and Engineering Sciences, 366, (1878) 3091-3110 available from here ; Kohl, P. &
Noble, D. 2009. Systems biology and the Virtual Physiological Human. Molecular Systems Biology; Kohl, P., Coveney, P.,
Clapworthy, G., & Viceconti, M. 2008. The Virtual Physiological Human: building a framework for computational
biomedicine II. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 366,
(1879) 3223-3224 available from here ; Sadiq, S.K., Mazzeo, M.D., Zasada, S.J., Manos, S., Stoica, I., Gale, C.V., Watson,
S.J., Kellam, P., Brew, S., & Coveney, P.V. 2008. Patient-specific simulation as a basis for clinical decision-making.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 366, (1978) 3199-
3219; Stoica, I., Sadiq, S.K., Gale, C.V., & Coveney, P.V. 2008. Virtual Physiological Human research initiative: the future
for rational HIV treatment design? Future HIV Therapy, 2, (5) 419-425; Viceconti, M., Clapworthy, G., & Van Sint Jan, S.
2008a. The European Virtual Physiological Human. J Med Biomech 23, 19-25; Viceconti, M., Clapworthy, G., & Van Sint
Jan, S. 2008b. The Virtual Physiological Human — A European Initiative for in silico Human Modelling. Journal of
Physiological Sciences, 58, (7) 441-446
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This document is one of a series of outputs from Workpackage 4 of the VPH Network of Excellence.
Other results will include documents recommending strategies for Industrial and Clinical
Engagement, and for European Mobility. Additionally, the Workpackage is orchestrating a series of
international study groups at which attendees’ practical modelling problems can be explored, and it is
designing and commissioning the first VPH-endorsed textbook that will serve as a primer for
students approaching the field for the first time, from related backgrounds.
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II. Current Landscape for Training in Virtual Physiology
1. Introduction
Growth in the employment opportunities within Human Virtual Physiology, the mathematical,
typically computer-based representation of the physical processes at work in humans, requires
support from educators in order to equip the workforce with the skills required to meet the emerging
training requirements for scientists and engineers wishing to forge careers in VPH-related activities.

The design and provision of any such support requires that the need is initially defined carefully,
within the context of all three of the principal groups affected by these emerging opportunities,
namely the academic, clinical and industrial sectors, and this definition can only be accomplished by
a skilfully-designed process of consultation.

The Virtual Physiological Human Network of Excellence (VPH NoE) is tasked with the
responsibility of performing this consultative process, and within Workpackage 4 a major exercise in
interaction with industrial and clinical stakeholders is already underway, the results of which will be
presented in the twin Deliverables D4.4 and D4.8. This document seeks to present the landscape
against which educational planning must now take place, and describes the processes that might be
adopted within the lifetime of the VPH NoE to initiate a pilot pan-European VPH training module.
An overview of the strategy for implementation of this pilot training module is provided in section
IV of this report, whilst a detailed implementation plan will form the basis of a future Workpackage 4
deliverable.

Diagram 1: Opportunities presented by the emerging needs of the VPH Community

The formalisation of the Virtual Physiological Human (VPH) community that will emerge from the
Network of Excellence will provide a foundation for the development of cross-disciplinary training
and, as alluded to in the diagram above, offers exciting opportunities to establish initiatives jointly
between Institutions across the European Union. Collaborative ventures are, by their nature, more
demanding and complex but have significant potential; this is explored more fully in the sections that
follow.
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2. Landscape Analysis: Strengths

The VPH initiative is fortunate in operating in an academic
environment with an almost unparalleled level of skill and expertise.
It follows that by careful design of the transfer mechanism it should
be possible to capitalise on this environment to bring about an
equally unsurpassed system of education for career specialists.
Additional factors that favour success include existing structures for
collaboration, established links with users, and clear motivation to
take advantage of the VPH ‘brand’ opportunity to bring cohesion to
the training environment. These attributes are explored in detail
below.

World-Leading Expertise
The VPH NoE, with 13 core members and over 30 associated and general members, gathers an
almost unmatched level of world-class research and research expertise in Europe in a single unified
effort. Such a unique integrative research venture, combining people from; clinicians to modellers,
from biologists to mathematicians and physicists, theoreticians and experimentalists, industrial and
academic partners, offers an incredible opportunity to do world-class research, that will be translated
into training efforts through cutting-edge research and common educational programmes.

By 2010, the European Higher Education Area (EHEA) is expected to encompass 16 million students
and 4,000 universities across Europe. This huge education market enters into direct competition with
Education markets in the US and Asia, and European Universities are trying to position themselves
as a “destination” with added value achieved through mobility and the possibility for European and
foreign students to do part of their Education in several Universities committed to the Bologna
process. In this respect, the VPH NoE is in a unique position to offer world-class training through
world-class expertise.

Collaborative Teaching Structure
One of the major issues highlighted in the Bologna process is to increase “the international
competitiveness of the European system of higher education”. It says that the “vitality and efficiency
of any civilisation can be measured by the appeal its culture has for other countries”. The signatory
countries explicitly express their goal to “ensure that the European higher education system acquires
a worldwide degree of attractiveness equal to [Europe’s] extraordinary cultural and scientific
traditions”.4

In this respect, the VPH NoE training fully converges with the expectations of the Bologna process by
challenging the traditional training approach, with science considered as fundamentally “vertical”
specialties, which is no longer appropriate, for a new generation of researchers who must be able to
succeed in a competitive and integrative environment. As a result, “horizontal science” training,
focussing on multidisciplinary skills and research effort whilst retaining excellence in delivery, must be
our goal. The ultimate aim of the VPH NoE training is to form well-rounded individuals, unlocking
their potential in order to give them tools to succeed in an extremely changing area. To achieve this, the
training must complement the existing background of each researcher to produce researchers capable of
approaching a wide range of applications. Training opportunities can also be expected to develop from
new research collaborations forged by means of the VPH NoE exemplar projects. Use of the VPH
toolkit, will also provide a means to more integrative research and exciting training opportunities.

4 The Bologna Declaration, see: http://ec.europa.eu/education/policies/educ/bologna/bologna.pdf]
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Training Foundation
In order to build Europe as a knowledge-based society, Europe requires qualified professionals.
Demand for qualified professionals remains high, and in many cases, employers struggle to find the
right people for key positions5. There are personnel shortages in some professions with too few
qualified people to fill positions opened up by new companies, expansions, or retirees from the ‘baby-
boom’ generation. One major hurdle to sustainable implementation of the concepts of the VPH, and the
realisation of the corresponding benefits in terms of scientific development and public health, is a need
to attract younger scientists6. Efforts in interdisciplinary fields are usually under-rewarded. It will be
necessary for the VPH Community to develop a comprehensive career support and incentive system. It
is important that the most talented young people, when facing fundamental career decisions, see a real
opportunity for their own scientific development in VPH-related activities. It is likely that, only then,
will we be able to recruit top quality people and to achieve fast and sustained scientific development.

Joint Training Focus
Joint degrees have been identified as a problematic area.7 Besides the obvious practical obstacles to
the implementation of such degrees, as well as the concerns about quality control of the modules and
the outcomes of such degrees, Institutions are wary of the “dilution” of their brands and they might
focus on the drawbacks of these joint efforts instead of the opportunities.

In this respect, the VPH NoE provides a very good case for the creation of joint or dual degrees as
well as a framework to develop such programmes. VPH related institutions are committed to the
success of the VPH NoE and they have invested and continue to invest a considerable amount of
effort and resources to the success of this initiative. VPH joint training initiatives should aim to get
the best training whenever is available, thus, by encouraging Institutions to overcome the difficulties
presented by collaborative teaching initiatives and act together in the best interest of the network,
they will capitalise in their success and will profit from the benefits.

VPH Branding
The VPH initiative must continue after the VPH NoE. This long-term endeavour will continue only
if we are able to spread the philosophical and scientific aspects, the ethos and technology developed
during the VPH NoE efforts. In this case, Education is not only the most powerful tool there is to
spread the VPH message; it is absolutely essential. The VPH NoE is well positioned to develop a
series of courses/modules/programmes that will carry on the VPH initiative. If a “VPH brand”,
whereby the VPH NoE creates a ‘label’ that is associated with excellence, collaboration and
integration with the aim of producing world-class collaborative research, is ultimately envisaged then
the creation of a corresponding “VPH education” will be crucial to the success of this vision.

Rewards for Participation
Not only the VPH NoE gathers world-class research in a unified effort, the participation in the VPH
NoE raises the profile of the Institutions and individuals involved, a fact evidenced by the increasing
number of demands for Associated Membership to the VPH NoE. The VPH NoE aims high to
establish gold-standards in research so that the dream of an integrative “physiological human” will be
eventually within reach. The European Commission has recognised the importance of overcoming
fragmentation in this area and has devoted a considerable amount of resources to VPH related
initiatives, beginning with STEP,8 the funding of the VPH NoE9 as well as calls on VPH projects as
part of the 7th Framework Programme.

5 http://www.devicelink.com/mddi/current_salary_survey.html
6 STEP Consortium. Seeding the EuroPhysiome: A Roadmap to the Virtual Physiological Human. [Online] 5 July 2007,
<http://www.europhysiome.org/roadmap>.
7 House of Commons, Education & Skills Committee Report, The Bologna Process, Fourth Report of Session 2006-07,
April 2007. In http://www.publications.parliament.uk/pa/cm200607/cmselect/cmeduski/205/205.pdf

8 Op. Cit, STEP Consortium.



Page 15 of 112

VPH-related institutions will be able to participate and benefit from these calls, as well as the internal
initiatives generated within the Network. It is also expected that the high profile of the VPH NoE
will eventually lead National research policies to dedicate part of their efforts towards VPH-like
calls.

Links to Industrial and Clinical Disciplines
National health systems must deal with the pressures and problems facing governments trying to
expand or maintain health provision under fiscal constraints and health funders experiencing difficulties
in meeting the demands on modern health systems. Pressures arise from many quarters including; an
ageing population needing longer and more intensive medical treatments, population increase, patient
and clinician demands for the latest equipment/services. Industry also faces increasing pressure to bring
products to market rapidly, whilst minimising costs. The VPH initiative will provide with new tools
that will certainly play an increasingly important role in this demanding environment. These tools will
also play an important role in the pre-clinical evaluation of clinical applications and in the regulatory
process associated with it.10

International Perspective
On the competitiveness side of research and education altogether, the EU is standing still in
knowledge economy development with respect to the US, which is arguably, the most successful
country in making the transition to a knowledge based economy. For example, US real GDP growth
since 1991 of 38 percent is double the EU's, with similar figures for real GDP per capita. In general
during most of the 2000 decade, the United States has slightly outperformed every other large
developed economy, tied with the EU in creation of jobs and had the second lower unemployment
rate and the largest increase of industrial production. The effect of the current economic recession
remains to be seen.

Some causes could be identified as “the faster application and implementation of new technologies,
more rapid uptake of the new "information highways" infrastructure and more successful world-wide
commercial exploitation of these growth opportunities”.11 More specifically, the factors propelling
the US into the vanguard of the global Knowledge Economy were identified as the early recognition
by the financial world of the intrinsic value of knowledge; greater investment in ICTs than Japan or
the EU, particularly the propitious link between the software and semi-conductor industries, and;
more successfully commercialising the intellectual property generated in universities. In this regard,
the VPH NoE offers an integrated and more efficient and communicative way of doing research that
should in principle contribute to economic growth and social well-being.

9 See: http://www.futuremedicine.com/doi/abs/10.2217/17469600.2.5.419. Information can also be consulted in:
http://cordis.europa.eu/fetch?CALLER=FP7_PROJ_EN&ACTION=D&DOC=14&CAT=PROJ&QUERY=01203824eaa3:
417c:0186143c&RCN=86625
10 Op. Cit, STEP Consortium
11 http://findarticles.com/p/articles/mi_hb3024/is_1_15/ai_n29137918
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3. Landscape Analysis: Opportunities

The current discipline-based organisation of the biomedical, engineering and
physical sciences has become inconsistent with the revolution in biology that
has provided a common conceptual foundation now shared by all disciplines,
as evidenced by the current proliferation of multidisciplinary faculties and
institutes. It is also important to train graduate students to develop a broad
view that spans from molecular biology to computational physiology with an
integration of human biology as a whole. An effort will be needed at the
academic level to break down the barriers created by the traditional
disciplinary approaches.

It is also necessary to migrate research from exclusively academic circles and towards clinical
applications, with ‘patient-specific’ treatment as the ultimate goal. Finally, greater integration with
software developers is needed, to guide the development of specific tools to model biological systems,
and with industrial players to take these technologies and products to the market.

Diagram 2: The VPH NoE effort on training will be based on the common objectives set up by the
ERA, the Lisbon Strategy and the Bologna Process. The training will be informed by world-class
research, through exemplar projects and tools developed by the VPH toolkit. The training aspects in the
VPH NoE will be delivered by study groups and a pilot study with the objective to create a Pan-
European MSc. Additional training at PhD level will rely on Marie Curie Actions and other European
initiatives.

The Bologna Process: the potential for pan-European programme addressing
industrial, clinical and academic needs
The action programme set up to drive the Bologna process has a clearly defined common goal: to
create a European space for higher education in order to enhance the employability and mobility of
citizens and to increase the international competitiveness of European higher education. Further
detail of the background and development of this process is provided in Annex 2.

The VPH NoE is well placed to take advantage of the opportunities offered by the Bologna process
to develop Pan-European programmes, thus tackling fragmentation in the VPH research area
(fragmentation of research has been identified as a significant concern for the creation of the ERA).
The structure of the VPH NoE where Industrial, Academic and Clinician players communicate
through different Advisory Boards and committees, allows fluent communication between these
sectors with the VPH NoE providing a forum for these groups to act and interact together. Some
specific examples of how VPH NoE effort reflects and builds on the ambitions of the Bologna
process are given below.
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Pooling of expertise/ resources
The investment made at the EC and Institutional level of the core members of the VPH NoE already
makes a compelling case for maximising the benefits of this initiative by pooling resources and
expertise in a common training programme. Since the VPH initiative is well on track to live on,
beyond the VPH NoE, it is in the best interests of the Institutions involved to look on this as a long
term investment, thus strategies for enhancing current schemes and/or creating new ones have an
automatic appeal.

Strong support available for Mobility of Researchers within the EU
Building on existing Mobility EU programmes (i.e., Erasmus and Erasmus Mundus, see Annex 3) as
well as embracing the idea of diversity and excellence through mobility (Marie Curie Actions)
creates new opportunities for research within a well-defined framework. Not only is Institutional
‘buy-in’ with respect to a commitment of local resources almost guaranteed, but mobile researchers
participating through the VPH initiative will benefit from an extended Network of expert contacts. A
Mentoring Network is a distinct possibility, as is the creation of a VPH Graduate Researchers’ Forum
(see section III: The Virtual Academy).

Support for Programme Development from “Lifelong Learning” calls
For the VPH, wider consultation on the development of European-scale training is of paramount
importance. Ultimately, new or updated academic curricula may be required, encompassing emerging
VPH technologies and conveying the VPH ethos and goals, as currently few European training
programmes can embrace the necessary innovation and structure; such a programme must be as
unique, innovative, international, multidisciplinary and as excellent as the VPH initiative itself.
Following the calls for 'Lifelong Learning” programmes from the EC, the funding for such training
could become available, making the ambition a reality.
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4. Landscape Analysis: Challenges

New training initiatives, however necessary and exciting, inevitably face
challenges to be overcome if they are to flourish, and the skill of those
driving the process of introduction is never as much required as when
identifying strategies to cope with hurdles.

Simply because it is such a significant venture, the VPH initiative
inevitably attracts a larger proportion of challenges than a more
straightforward evolution of technology. The breadth and depth of the
changes that will be required permeate the entire higher education
process; whilst any change to curriculum might be expected to affect
planning, administration and financial management, the requirement here
is for collaborations between departments and across international
institutions that has never before been attempted.

Challenge Context
Below are tabulated the key issues identified as affecting the VPH training initiative, and which mean
it will require the most careful of introductions across the institutions that are current candidates for
the pilot activities.

Challenge Detail
Current training fragmented; wide range of
courses offered in bioengineering,
modelling etc but no common database.

A survey of current provision within the EU is
underway. A pilot has been completed –see Annex 4.
A web-based database is proposed hosted within the
Virtual Academy.

Cross-disciplinary training takes effort:
VPH is not a single speciality, how to
address the many different strands?

The Virtual Academy will facilitate pooling of resources
and expertise and provide a forum for consultation and
identification of training needs (see below).

Increased effort associated with ‘Distance
Learning’ options- alternatively mobility
costs must be met.

Current Erasmus programmes support the
development of ‘Distance Learning’ infrastructure and
mobility of staff and students.

Multi-centre training is intrinsically
challenging to set up and administer

The NoE provides infrastructure to foster a
collaborative training environment.

Inter-institutional differences (QA,
regulations, fee structure, timetabling etc)
must be identified and addressed for joint
programmes

Bologna Agreement forms a basis for standardisation
of some aspects. The Erasmus University Charter
provides an exemplar of success in building Inter-
university Programmes.

Need to ensure Institutional ‘buy in’, allay
concerns re ‘dilution’ of Institutional ‘brand’
but avoid oversell

Institutions that are members of the VPH NoE have
demonstrated their commitment. The proposed
survey of clinical and industrial needs will identify skills
shortages and training requirements.

Ensuring sustainability: no formal career
structure, potential for mismatch between
academic priorities and industrial/clinical
needs.

The NoE will plan for sustainability of training;
development of career structures will be prioritised.
This will also impact on possible academic/industrial
mismatches. The NoE will provide a consultation
forum for these groups.

Encouraging engagement from funding
bodies in Member States for matched
funding and support of local students

Members of the NoE will seek to engage funding
bodies based on the survey of the current funding
environment.

Lack of data on background/needs of
current researchers and current/projected
skill shortages as VPH community
expands

A pilot study reviewing the background and needs of
existing researchers has been completed for 100
researchers at 5 institutions. This will be rolled out
across the VPH community -see Annex ?. The Virtual
Academy will facilitate continuous update of this data.

Table 2: Summary Challenge context


