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Training Multidisciplinary Biomedical Informatics Students:
Three Years of Experience

ERIK M. VAN MULLIGEN, PHD, MONTSERRAT CASES, PHD, KRISTINA HETTNE, MSC, EVA MOLERO, PHD,
MARC WEEBER, PHD, KEVIN A. ROBERTSON, PHD, BALDOMERO OLIVA, PHD,
GUILLERMO DE LA CALLE, MSC, VICTOR MAOJO, PHD

A b s t r a c t  Objective: The European INFOBIOMED Network of Excellence1 recognized that a successful
education program in biomedical informatics should include not only traditional teaching activities in the basic
sciences but also the development of skills for working in multidisciplinary teams.

Design: A carefully developed 3-year training program for biomedical informatics students addressed these
educational aspects through the following four activities: (1) an internet course database containing an overview of
all Medical Informatics and BioInformatics courses, (2) a BioMedical Informatics Summer School, (3) a mobility
program based on a ‘brokerage service’ which published demands and offers, including funding for research
exchange projects, and (4) training challenges aimed at the development of multi-disciplinary skills.

Measurements: This paper focuses on experiences gained in the development of novel educational activities
addressing work in multidisciplinary teams. The training challenges described here were evaluated by asking
participants to fill out forms with Likert scale based questions. For the mobility program a needs assessment was
carried out.

Results: The mobility program supported 20 exchanges which fostered new BMI research, resulted in a number of
peer-reviewed publications and demonstrated the feasibility of this multidisciplinary BMI approach within the
European Union. Students unanimously indicated that the training challenge experience had contributed to their
understanding and appreciation of multidisciplinary teamwork.

Conclusion: The training activities undertaken in INFOBIOMED have contributed to a multi-disciplinary BMI
approach. It is our hope that this work might provide an impetus for training efforts in Europe, and yield a new
generation of biomedical informaticians.
� J Am Med Inform Assoc. 2008;15:246–254. DOI 10.1197/jamia.M2488.
Introduction
Medical Informatics (MI) has been an established research
discipline for over twenty years.2-6 The main focus of MI is
the development of computational tools, algorithms and
strategies which advance medicine and enhance patient
care.7-11 In contrast, BioInformatics (BI) is a less mature
scientific discipline which aims to research and develop
algorithms, computational and statistical techniques which
solve biological problems. Significantly, BI has experienced
an exponential growth as a result of its importance to the
understanding and interpretation of data generated by ‘om-
ics’ technologies.12-14 Although MI and BI both exploit
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computers and computational tools, they differ in many
ways. Arguably, these differences are due to diversity in the
domain expertise of the practitioners (medicine vs. biology)
and researchers involved in the application field (healthcare
professionals vs. bio scientists) and the educational empha-
sis adopted by the independent disciplines (patient-care vs.
basic-research).

It is now widely accepted that the impact of ’omics research
on healthcare will be considerable if data generated from
basic science research can be integrated and transformed
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into medical knowledge with clinical utility (personalized
medicine based on genomic medicine).15,16 Clearly, both BI
and MI should facilitate this new medical era and there is
now an urgent need for an integrated scientific discipline:
BioMedical Informatics (BMI).10,17 In agreement with this
assertion, over the past 7 years an increasing number of
research projects with an integrative BMI character have
been undertaken. The participants of these projects have
mostly been drawn from conventional MI and BI back-
grounds and there are very few people who are truly
multidisciplinary biomedical informaticians.18-20

In an attempt to rectify this shortcoming and develop
domain specialists, several BMI curricula have recently been
created.21-23 Significantly, these courses have predominantly
appeared in the United States (see below). To remedy this
geographical imbalance, over the past three years the Euro-
pean Network of Excellence INFOBIOMED has developed
and trialled novel strategies for training a new generation of
biomedical informaticians. These efforts (described in this
paper) have emerged from several years of preliminary
activities aimed at establishing a foundation for BMI at a
European level.24-26

Background
Current State of BioMedical Informatics Training
In 2003, the American College of Medical Informatics un-
dertook a study which discussed and defined future chal-
lenges in BMI.27 To meet these challenges, the project
concluded that effective training in informatics should en-
compass four key elements: (1) curricula that integrate (and
not concatenate) experiences in the computational sciences
and application domains; (2) diversity among trainees,
with individualized, interdisciplinary cross-training allow-
ing each trainee to develop key skills that he/she does not
initially possess; (3) direct immersion in research and devel-
opment activities; and (4) exposure to a wide range of basic
informational and computational sciences.

Currently, several BMI training programs in the United
States are attempting to deliver curricula integrating biolog-
ical and clinical informatics.27 For example, the newly de-
veloped ‘Theory and Methods in BioMedical Informatics’
course at Columbia University presents informatics princi-
ples in their general form and illustrates their application
with examples drawn from across the biomedical spec-
trum.28,29 At Stanford, training concentrates on the develop-
ment and application of novel informatics methods for
biomedical research.30,31 Further, the Oregon Health & Sci-
ence University offers a successful online introductory grad-
uate course in BMI.32 Significantly, none of the curricula
from the above training programs appear to incorporate
modules aimed at teaching students how to work effectively
in a multidisciplinary environment. A notable exception to
this is the Purdue University BMI curriculum, which states
that students are assessed on their ability to perform in a
team environment. Notably, however, no criteria for success
or failure in this area are presented.33 In designing the
teaching initiatives within the European INFOBIOMED Net-
work of Excellence (introduced below), a unique approach
was evolved which provided students with novel experi-
ence of work in a multidisciplinary environment. This

strategy, which diverged from a conventional approach
targeted at personal knowledge development, will be
discussed later.

Formulation Process
In 2001, the European Commission (EC) initiated activities
aimed at promoting the development of BMI at a European
level.34 At this time, the EC funded BIOINFOMED project
brought together 30 experts from different areas to develop
a roadmap for the evolution of BMI in the forthcoming
decade.35 As a result of this study, a White Paper was
published,36 a significant proportion of which concerned
itself with the education and training of new BMI profes-
sionals.

In 2004, INFOBIOMED was one of three Networks of
Excellence funded by the European Commission within the
e-health division. Significantly, INFOBIOMED was the only
network whose principal focus was BMI. INFOBIOMED
was tasked to develop a scientific reference base for BMI
concerned with: (1) the awareness and dissemination of BMI
activities at an international level; (2) the education, training
and mobility of professionals from computer science, med-
icine, biology and related disciplines; (3) the development of
new computational models and methods for linking geno-
type and phenotype; and (4) the development of four pilot
projects where clinical and genomic data were gathered and
analyzed in the context of genomic medicine (in the areas of
pharma-informatics, genomics and infectious diseases, peri-
dontitis and colorectal cancer).

INFOBIOMED aimed to establish European BioMedical
Informatics as an integrative discipline whose main goal
was to support individualized healthcare. Within this Net-
work of Excellence, the BioMedical Informatics undertaken
aimed to exploit synergies derived from the integration of
BioInformatics (BI) and Medical Informatics (MI). It was
hoped this would facilitate the discovery of novel preventa-
tive, diagnostic and therapeutic methods.

Notably, training activities developed within INFOBIOMED
were designed to contribute to the establishment of a
durable BMI structure within Europe. It was hoped this may
be achieved by building a research capacity that would
enable the consolidation of BMI as a crucial scientific disci-
pline for future healthcare. The unique approach adopted by
INFOBIOMED offered a spectrum of educational activities
including opportunities for: knowledge acquisition, partici-
pation in BMI exchange programs (visits to both MI and BI
institutes) and the development of personal skills relating to
multidisciplinary working. The INFOBIOMED training de-
velopment team recognized that a broad variety of activities
will be essential for the next generation of BMI students.

In this paper, two of the activities (see 3 and 4 below)
supporting personal education and multi-disciplinary team-
work carried out by the INFOBIOMED partners are de-
scribed in detail.

In brief, the complete set of INFOBIOMED training activities
may be summarized as:

1. The development and release of a publicly available
BMI-related course database. This resource includes ref-
erences and contents of a wide range of curricula avail-
able within the European Union (at both the undergrad-

uate and graduate level).
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2. The organization of a Summer School bringing together a
broad range of BioInformatics and Medical Informatics
courses and activities from the three different Networks
of Excellence funded by the eHealth division of the
European Commission.

3. The development of a mobility program facilitated by a
‘mobility brokerage service’ publishing offers and re-
quests for research exchange projects within the Network
of Excellence (see sections ‘Mobility Program’ and ‘Mo-
bility Brokerage Service’ later). The mobility program
included financial resources for students wanting to
obtain additional training at other institutions.

4. The creation and organization of three, intensive, one-
week ‘training challenges’ (see section ‘Training Chal-
lenges’). In these events, trainees were challenged to solve
complex cases proposed by their peers, which required
both BioInformatics and Medical Informatics data and
methods.

From an educational perspective, activities 1 and 2 above
were devised and implemented in order to provide an
opportunity for BMI students to gain access to relevant
courses for the development of personal knowledge. Since
these were worthy and essential but arguably not novel
activities (in their design and implementation) little cover-
age will be included in this paper.

In contrast, activities 3 and 4 may be considered novel since
they focus on the acquisition of interdisciplinary work
experience. This was achieved either via personnel ex-
changes between research laboratories or via participation in
‘training challenges.’ The inception, design and implemen-
tation of these activities are described below.

Model Description
Planning and Needs Assessment Surveys
The Network of Excellence began its activities by carrying
out an investigation of the needs and expectations regarding
education and mobility within the consortium. The afore-
mentioned study from the American College of Medical
Informatics was used as a guideline for this activity. From
this document, it was clear there was a general need to
develop novel strategies allowing BioMedical Informatics
students to: (i) develop key skills with individualized mul-
tidisciplinary training, and (ii) to facilitate their participation
in research and development activities.

To facilitate (i) and (ii) above, two activities were defined
and undertaken which would support the acquisition of
knowledge within the overall training program. These ac-
tivities were: the development of a publicly accessible BMI-
course database, and the planning and organization of
BMI-focused Summer Schools. In relation to the former, the
INFOBIOMED course database and a Training Thesaurus on
BMI-education were developed using the text mining tool
Collexis©.37-39 This comprehensive resource of academic
courses in BMI initially included information on the current
academic programs of network partners (with the goal of
becoming a one-stop repository for European BMI-training
information). As the course database evolved, references
and contents from different BMI-related academic courses
were added, both at the undergraduate and graduate level,

from a wide range of European countries.
The INFOBIOMED Summer School was a collaborative
initiative involving the three Networks of Excellence
(BioPattern, SemanticMining and INFOBIOMED) funded by
the eHealth division of the European commission. This
event aimed to bring together a range of BioInformatics and
Medical Informatics courses and activities, and over fifty
students attended (all of whom participated in courses and
activities organized by fifteen teachers and students). All
students were encouraged to present their work and re-
ceived feedback from teachers and students on their re-
search projects.

While the above activities were essential to establishing a
European BMI-educational program, they were not in them-
selves novel in either their design or implementation. In
contrast, the INFOBIOMED mobility program and training
challenges represent an original solution to the pressing
requirement for under- and post-graduate training in mul-
tidisciplinary BMI work. These activities are described in
detail below.

Mobility Program
The INFOBIOMED Mobility Program aimed to help stu-
dents to identify relevant and interesting opportunities in
Europe for collaborative BMI-related work which would
enable the development of multidisciplinary skills and ex-
pertise. To initiate the design and development of this
program, two distinct online surveys were carried out to
capture and enable the analysis of relevant issues, barriers
and needs from the perspective of a ‘host organization’ and
a ‘potential candidate.’ Each survey was divided into two
parts. The first part was specifically designed to gather
feedback and needs from both host organizations and can-
didates. The second part, common to both surveys, was
designed to collect information on the specific infrastruc-
tural needs that should be included in the INFOBIOMED
mobility program.

The Mobility Brokerage Service
On the basis of the preliminary survey outlined above and
the results obtained as detailed in the Results section, it was
clear there was a pressing need for a ‘Mobility Brokerage
Service’ (MBS). To meet this requirement, a web application
was designed which enabled the publication of both mobil-
ity opportunities and requests. It was hoped this would
become a point of reference for BMI experts and trainees
across Europe and beyond.

From an implementation perspective, the MBS is a secure
web-based ‘marketplace’ where the information detailed
below is made available to interested parties:40

• Information on host organizations, offering specific mo-
bility opportunities

• Job offers
• Candidate information (candidates interested in both

mobility and job opportunities)

The system automatically matches offers and requests, ac-
cording to defined criteria, and notifies interested research-
ers and host organizations of potential opportunities. Users
can search the contents of the MBS and promote contacts
between host organizations and researchers; however, the
system does not negotiate the specific details of each new
potential action, exchange or contract. Until now, usage of

the MBS has been restricted to partners within the consor-
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tium because of security and confidentiality issues. Notably,
it can easily be extended beyond INFOBIOMED (to at least
a European level) on implementation of appropriate security
measures.

Use of the MBS
By selecting a menu option in the MBS, users can enter a
new request into the resource. The online service then
prompts the user for details as follows: title, textual descrip-
tion, type of request (job or mobility), dates and anticipated
salary. To facilitate the entry of a request, all terms contained
in the INFOBIOMED Training Thesaurus are shown to the
user allowing them to select those which most accurately
describe their interest. On completion of the data entry
phase, requests are stored in the system and the matching
process is automatically launched. This process retrieves
information needed from all current offers in the database. It
includes information related to the type of opportunity (job
or mobility), duration, date of execution and topic selected
from the thesaurus for rating matches. Each offer is com-
pared one-by-one with the request and when a match is
found an email is generated for both the host organization
and the candidate, inviting them to review the information
online. A similar process takes place when an organization
fills out a new offer in the system.

In practice, if a match was found between a student and an
exchange opportunity, the student could apply for funding
from INFOBIOMED. Applications were then reviewed in-
ternally by a selection committee. Alongside formal criteria
such as host/sending organization, duration, and budget,
the committee assessed the multidisciplinary nature of the
research proposal. In particular, proposed Bioinformatics
and Medical Informatics methods, tools and data were
considered alongside the scientific value to the BMI commu-
nity.

Training Challenges
Training Challenges were based on a novel format involving
the face-to-face interaction of two groups of five students
drawn from a range of disparate scientific fields (Medical
Informatics, BioInformatics, Medicine, Biology, Chemistry,
Chemi-informatics, Computer Science, Epidemiology, Phar-
macy, Physics, Mathematics, etc.). Over five days, the teams
conducted research aimed at the definition of a valid,
integrated, multidisciplinary approach to solve a problem
proposed by a member of the team. Case studies and team
composition were selected by the organizing committee
prior to the challenge (according to the potential they
offered for multidisciplinary teamwork).

In practice, training-challenge participants were informed of
their research topic one month prior to their event. This
allowed participants to explore their topic and develop ideas
and strategies for subsequent contribution to research and
discussions. On day one of the challenge, all team members
delivered a presentation which introduced their personal
research background and potential contribution to the as-
signed case-study. Also, at this time a team-meeting facili-
tator was identified. The role of this individual was to devise
agendas, monitor time/progress and maintain focus over
the next three days of intensive research. To support the
students, INFOBIOMED staff members were present at all

times to provide specific expertise and assist with prob-
lems and queries. In addition, two selected domain ex-
perts participated at specific times and contributed to
research evaluation, team skill development, scientific
project management, and multidisciplinary approaches.
In the second and third challenges, specific contributions
were also made by experts in team work dynamics. These
individuals provided advice and guidance on conflict reso-
lution, prioritization, and other issues associated with mul-
tidisciplinary research.

Training Challenges concluded with formal team presenta-
tions which introduced the research topic, and then pre-
sented the team research strategy. This presentation, its
content, scientific value, consistency, and multidisciplinary
approach was evaluated by a jury who decided upon a
‘winning’ team whose members were awarded a one-month
mobility exchange to undertake research in an INFOBIOMED
partner institution.

On completion of the training challenge events, and in order
to evaluate the educational approach, all students were
asked to complete a Training Challenge Survey. The survey
consisted of both Likert scale and multiple-choice questions
relating to personal information, the organization, the use-
fulness of the training challenge, the support received dur-
ing the training challenge and the anticipated impact of the
training challenge on their career.

From an organisational perspective, the opening and closing
sessions of the training challenges took place at the organiz-
ing centre (twice by IMIM partner (Barcelona) and once by
EUDIN partner (Edinburgh)). Teams then moved to a sep-
arate, semi-isolated location providing a lack of distraction,
appropriate infrastructure (e.g., computer and network fa-
cilities and the required online resources—digital libraries
and BioInformatics tools), accommodation and a friendly
atmosphere.

Validation through Example
Survey Results
The web-based education and mobility survey was made
available from the 2nd of September until the 27th of
October 2004. During this period, 180 participants re-
sponded to the survey and the output from these individu-
als was subject to a statistical analysis aimed at identifying
significant issues to be addressed by INFOBIOMED educa-
tion and training development program.

A subset of results from this survey is presented in Table 1.
This table presents host- and participant-related barriers
hindering or preventing four to twelve week mobility ex-
changes between organizations. From the overall array of
potential issues preventing training and mobility activities,
results were filtered to identify issues and barriers which
could be addressed by the INFOBIOMED Network of Ex-
cellence. The questions about the barriers for mobility were
presented in multiple-choice format where respondents
were allowed to select one or more of the choices. The
respondents also had the opportunity to add other com-
ments to the survey. All options are presented in Table 1 and
the percentage of respondents that indicated each option as
a barrier is shown.

Data captured in this exercise indicated that the most signif-

icant barrier to training and mobility exchanges between
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network partners was a lack of specific funding. As an
immediate response to this issue, INFOBIOMED established
a financial support mechanism for funding student mobility
and training activities. Distribution of this financial support
was managed via a novel mobility exchange program. The
novelty of this approach was that students were required to
justify how their work would (a) promote a BMI approach,
and (b) how it would benefit the host in their research. This
aimed (through the mobility brokerage service) to solve a
variety of issues identified by the survey (e.g., a lack of
information relating to host offers, lack of admin support,
lack of host-related information etc.). The results of this
mobility program are described in detail below. Signifi-
cantly, despite the short period of exchange and the fact that
the majority of the participants were relatively junior, sev-
eral of the INFOBIOMED facilitated exchanges visits re-
sulted in peer reviewed publications.

Mobility Program
The INFOBIOMED funding mechanism, offering economic
incentives for mobility exchanges was initiated in January
2005. During its first year of implementation, the mechanism

Table 1 y A (left): Main Barriers for Hosting Mobility C
Mobility Activities

A. Barriers for Hosting Mobility Activities %

Lack of funding 90
Lack of time 53
Lack of space 43
Lack of administrative support 20
Interference with current research in progress 17
Lack of services (housing, etc) 17
Other reasons 0

The percentage of respondents who indicated each barrier is show

Table 2 y Different Mobility Exchanges among Partner
Participants Host Background Tim

1 ACTA Engineering
2 MI-EMC BioInformatics
3 UEDIN Engineering
4 UAVR BioInformatics
5 UEDIN Biology
6 ACTA BioInformatics
7 Fraunhofer BioInformatics
8 IMIM Engineering
9 UEDIN Biology

10 AZ Engineering
11 AZ Engineering
12 AZ Biology
13 IMIM Chemistry
14 IMIM BioInformatics
15 AZ Engineering
16 IDIBAPS Biology
17 AZ Chemistry
18 ACTA BioInformatics
19 IDIBAPS BioInformatics
20 IMIM BioInformatics

UAVR � University of Aveiro, Portugal; ACTA � University Hospita
Erasmus MC, Rotterdam, The Netherlands; UEDIN � University of

Fraunhofer � Fraunhofer Institute, Germany; INFORMA � Italy; IDIBAPS �
was successful in promoting and enabling a variety of
exchanges with a typical duration of four to twelve weeks.
The majority of these exchanges were focused on collabora-
tive research for the INFOBIOMED clinical-genomic pilots.

While the total number of exchanges (20) was lower than
expected, overall the mobility program has fostered new
BMI research, resulted in a number of peer-reviewed
publications and demonstrated the feasibility of this in-
terdisciplinary BMI approach within the European Union.
A significant output of this exercise is the previously
discussed mobility brokerage service. This web-based ‘mar-
ketplace’ for the publication and exchange of mobility offers
and demands has been ‘live’ since July 2005, during which time
it has received more than 1200 visits. This service is the first
web site specialized in BMI collaborative exchanges in the
European Union. Table 2 shows the results of the exchanges
carried out during the mobility program. In total, this was
undertaken over a period of 30 months (including a 6 month
EC extension to the INFOBIOMED program). The mobility
program required a total of €27,000 from INFOBIOMED’s
budget for financial support of the 20 exchanges. As

dates. B (right): Main Barriers for Participating in

B. Barriers for Participating in Mobility Activities %

Lack of funding 73
Lack of information about host offers 50
Lack of time 47
Personal issues (family, etc) 20
Lack of practical information about the host site 15
Lack of permission from own organization 10
Not interested in mobility activities 5
No relevant benefits perceived 3

he Network of Excellence
) Gender Topic of Research

M Dental image processing
F Database integration
M Microarrays
M Microarrays
M Pathway biology
F Text mining—Pathways
F Text mining—SNPs
M Data mining
M Pathway Biology
M Systems Biology
M ChemoInformatics, Molecular Modelling
F Pathway Biology
F ChemoInformatics, Molecular Modelling
M Structural BioInformatics
M Information Exploitation, Data mining
F Pathway Biology
M ChemoInformatics Molecular Modelling
F Periodontology
M Pathway Biology
F ChemoInformatics, Molecular Modelling

sterdam, The Netherlands; AZ � Astra Zeneca, Sweden; MI-EMC �
rgh, UK; IMIM � Instituto Municipal d’ Investigació Mèdica, Spain;
andi
s of t
e (days

26
62
88
29
61
61
31
60
14
14
14
14
14
30
14
14
14
14
30
14

l of Am
Edinbu
Institut d’Investigacions Biomèdiques August Pi i Sunyer, Spain.
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outlined earlier, all exchanges were assessed on their
combination of BioInformatics and Medical Informatics
methods, tools or data.

Training Challenges
Within the INFOBIOMED educational program, the training
challenge format was developed to meet a requirement for
multidisciplinary project experience amongst MSc and PhD
level students. Over a two-year period, three training chal-
lenges were undertaken with a total of 29 students (on
average 10 students per challenge) participating. During the
student-selection process, gender and European nationality
were considered as factors in order to achieve a balance of
representation. The case studies used in the training chal-
lenges and the scientific background of the participants are
shown in Table 3.

The results from the Training Challenge Survey are pre-
sented in Table 4. Broadly, the feedback obtained from all
the challenges was very similar and generally positive. The
only notable dissatisfaction amongst the students related to
the duration of the event. Almost all students thought that
the time allotted for the training challenge was too short for
them to obtain robust scientific results. It should be noted,
however, that the expected outcome of the training chal-
lenge was not a series of actual results, but rather an
integrated plan for further multidisciplinary research. All
other aspects of the challenge received positive feedback.
The results of the second challenge were marginally lower
when compared to the others; however, this bias could be
attributed to a single ‘outlier’ student. The results in Table 4
have been aggregated for all participants per training chal-
lenge. The Training Challenge Survey consisted of multiple
choice questions. Apart from the Demographics section,
Motivation section, and seven questions from the Impact
section, choices were based on a five-point Likert scale.
Results for Likert scale questions are presented as a value
between 1 and 5 (indicating the average score for all partic-
ipants) with a standard deviation between parentheses. Results
in the Demographics section are averaged (for questions 1, 3,

Table 3 y Overview of all Case Studies Topics and the
Challenges
Case Study 1
(TC 1)

The modelling of genetic regulatory networks in
(Chemistry, Biology/BioInformatics/Chemistry, M

Case Study 2

(TC 1)

Modelling of lipid genetic and metabolic pathwa
Atherosclerosis

(Medicine/Genetics, Computer Science/Chemistr

Case Study 1
(TC 2)

Targeting EGFR signal transduction pathway by
(Epidemiology/Computer Science, Chemistry, Co

Case Study 2
(TC 2)

Commonalties of and differences between hormo
(Biology/BioInformatics, Medicine/Epidemiology

Computer Science)

Case Study 1
(TC 3)

Kinase 1 as new target for treatment of leishmani
(Pharmaceutical BioTechnology/BioChemistry, H

Molecular Microbiology/Informatics)

Case Study 2
(TC 3)

Study of the relevance of different targets for rhe
(Biology, Chemistry, Medicinal Chemistry/BioInf

TC � Training Challenge.
and 4) or presented as a percentage (for question 2 on gender).
Results for all other multiple choice questions are reported as a
percentage of the participants selecting that option (multiple
options allowed).

Significantly, all students indicated that they had benefited
from working in a multidisciplinary team. The Training
Challenge Survey revealed that prior to the event the
students had not anticipated that the multidisciplinary en-
vironment would be more challenging than their typical
work. Notably, virtually all participants found that differ-
ences in scientific language, attitudes to a scientific problem
and team problem solving strategies were more challenging
than expected. All students indicated that the training
challenge experience had contributed to their understanding
and appreciation of multidisciplinary teamwork.

Discussion
To meet the challenges of modern Biomedical research, The
European Union is developing a scientific research environ-
ment in which collaborative exchanges are crucial to the
success of trans-national initiatives such as INFOBIOMED.
In this context, the educational and mobility activities of this
Network of Excellence were designed to assess a range of
tractable strategies for BMI-related training and education.
The result of this work was four significant contributions to
BMI personnel development in Europe—the BMI-course
database, the BMI Summer School, the novel ‘mobility
brokerage service’ and the ‘training challenge’ format.

Traditionally, Medical and Bio-Informatics educational and
training programs have operated in a mutually exclusive
manner, with few examples of knowledge and experience
exchange between disciplines. In recent years, however,
several high-profile BMI training programs have appeared.
For example, the BMI Training Program at Stanford Univer-
sity—directed by the bioinformatician Russ Altman30—is
now joined by similarly integrated teaching efforts in Har-
vard, Columbia,28,29 Pittsburgh and Yale41 Universities. Our
experience over the past three years has revealed that the
integration of MI and BI curricula remains a significant

icipants’ Background in the Three Training

e, Biology/Statistics, Physics/Computer Science)

sponse to infection and immune stimulation. Implication in

emiology, Biology/BioInfomatics, Chemistry/Computer Science)

cer drugs
r Science, Chemistry/BioInformatics, Biology/Computer Science)

hways in breast, endometrium and prostate cancer
formatics, Physics/Computer Science, BioInformatics, Biology/

Biology, Medicine/Dentistry, Computational Science Engineer,

id arthritis treatment: TNF-� and MAPK
cs, Biomedical Engineer/Telecommunications Engineer)
Part
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edicin
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y, Epid
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mpute
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uman
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challenge due to differing academic cultures and divergent
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objectives of researchers and students.17,42 It is hoped that as
increasing numbers of novel links between genotype and
phenotype are defined and hypotheses from pioneers in BMI
are confirmed through original publications the challenges
outlined above will be overcome more readily in the future.

During its first year, the INFOBIOMED Network of Excel-
lence identified several opportunities for enhancing BMI
educational activities within Europe. Significantly, several
novel strategies were developed to meet a perceived re-
quirement amongst students and post-doctoral researchers

Table 4 y Overview of the Training Challenge Survey
Question

Demographics
Age (years)
Male
Research experience (years)
Number of training events

Motivation for TC
Innovation
Multidisciplinarity
Location
Expenses covered
New contacts
Pharma-informatics topic

Event Characteristics
Quality organization (very poor—excellent)
Infrastructure (very poor—excellent)
Venue training challenge (very poor—excellent)
Venue opening/closing session (very poor—excellent)
Appropriate material & information (very poor—excellent)
Schedule TC (highly inadequate—highly adequate)
Duration TC (too short—too long)
Focus on team work (ineffective—effective)
Multidisciplinary teams (ineffective—effective)
Number of participants (ineffective—effective)

Tutors
Number (ineffective—effective)
Expertise (very irrelevant—very relevant)
Helpfulness (not very helpful—very helpful)
Availability (highly unavailable—highly available)

Experts
Expertise (very irrelevant—relevant)
Helpfulness (not very helpful—very helpful)
Availability (highly unavailable—highly available)

Impact
Dynamics (very poor—excellent)
Usefulness (useless—extremely useful)
Future career (very low—very high)
Performing research (very low—very high)
Continue collaboration with team members regularly
Continue collaboration with team members incidentally
Participate in future editions of the TC
Recommend the TC to colleagues
TC less useful compared to traditional training
TC equally useful compared to traditional training
TC more useful compared to traditional training
overall SSatisfaction with TC (very dissatisfied—very satisfied)

All questions reported as percentages are multiple choice questions
(Motivation section and 7 questions from the Impact section). Apar
scale (the Event Characteristics, Tutors, Experts section, the first 4
question). The range of responses is given for each question. For th
deviation.
for multidisciplinary BMI work experience. To facilitate the
dissemination and management of potential work-experi-
ence exchanges, the ‘mobility brokerage service’ was de-
signed and implemented. In a recent effort to refine this
application, advanced functionality enhancing the manage-
ment of personal information and opportunities has been
added to the system. These features, only available to
registered users, simplify the process of searching for
offers and demands within the system. Despite the fact
that the ‘mobility brokerage service’ was consulted over
1200 times, it resulted in only twenty exchanges funded

ll Three Training Challenges (TC1, TC2, and TC3)
TC1 TC2 TC3

27.9 (2.8) 27.6 (2.9) 26.9 (2.0)
40% 60% 60%

3.6 (2.8) 2.6 (1.2) 3.1 (2.3)
4.1 (4.6) 3.6 (1.9) 10.6 (12.1)

90% 100% 100%
90% 70% 100%
30% 60% 22%
40% 50% 22%
60% 60% 67%
30% 20% 22%

4.2 (0.4) 4.5 (0.7) 4.6 (0.5)
3.6 (1.3) 4.4 (0.7) 4.3 (0.7)
4.7 (0.7) 4.6 (0.5) 4.2 (0.8)
4.6 (0.5) 4.1 (0.7) 4.2 (0.8)
3.9 (0.9) 3.9 (0.6) 4.2 (0.8)
4.1 (0.7) 3.6 (1.0) 3.9 (0.8)
2.9 (0.3) 2.6 (0.7) 2.3 (0.9)
4.2 (0.8) 3.9 (0.9) 4.9 (0.3)
4.6 (0.5) 3.7 (0.7) 4.7 (0.5)
4.7 (0.5) 3.9 (1.0) 4.7 (0.7)

4.7 (0.5) 4.1 (1.1) 4.4 (1.0)
4.1 (0.6) 3.8 (1.4) 4.7 (0.7)
4.8 (0.4) 4.0 (1.3) 4.4 (0.5)
4.6 (0.7) 4.7 (0.5) 4.9 (0.3)

3.4 (1.4) 3.6 (1.3) 4.4 (0.7)
3.8 (1.6) 3.3 (1.2) 4.0 (0.9)
3.6 (1.5) 3.0 (1.0) 3.8 (0.7)

4.3 (0.8) 4.1 (0.6) 4.8 (0.5)
4.5 (0.5) 4.0 (0.8) 4.4 (0.5)
3.6 (1.3) 3.4 (0.7) 3.7 (0.7)
3.7 (1.1) 3.3 (1.1) 4.3 (0.5)

20% 10% 38%
70% 70% 50%
60% 40% 89%

100% 90% 100%
0% 11% 0%
0% 33% 0%

100% 44% 100%
4.5 (0.5) 4.2 (0.9) 4.8 (0.4)

e percentage being the fraction of respondents selecting that choice
the Demographics section all other questions used a 5-point Likert
st question in the Impact section and the last overall satisfaction
t scale questions the mean response is computed with its standard
for A

with th
t from
and la

e Liker
by INFOBIOMED. The availability of a mobility fund en-
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abled twenty PhD students to experience work in a new and
stimulating different scientific environment. It was antici-
pated, however, that alleviating the two main barriers for
students to participate in mobility programs (funding and
the acquisition of information about host offers) would
significantly increase the number of mobility exchanges
undertaken. Notably, other barriers ultimately prevented
students participating in the mobility program. For example,
a ‘lack of time’ was highlighted as a significant issue in this
area. This barrier can only be reduced if educational pro-
grams include a period in which the students are able to
work in multidisciplinary teams at other scientific institutes.
Overall, the authors feel INFOBIOMED demonstrated the
value of multidisciplinary exchange programs and training
challenges; however, widespread adoption in other educa-
tional programs remains a significant issue for the future.

Although the mobility brokerage service will end when the
INFOBIOMED project closes, the software is freely available
to other European projects and has been developed in such
a way that it can be applied to areas other than BMI.

In an effort to meet a Europe-wide requirement for BMI
multidisciplinary training, the INFOBIOMED educational
development team devised the ‘Training Challenge’ format
described in this paper. Having conducted three BMI-
orientated training challenges and analysed feedback from
the participants, we feel this approach provides students
with an excellent opportunity to develop multidisciplinary
team-based research skills. Our experience showed that the
time-limited challenge encouraged students to focus on:

• Team-based contributions and the trust of colleague
opinions.

• Team delegation according to skills and experience.
• Problem solving.
• The production and clear presentation of a high-level

solution in a competitive environment.

Significantly, however, the training challenge format also
has a number of drawbacks. For example, during the five-
day period, it is not possible for students to pursue an
in-depth scientific analysis of a subject, nor do all team
members acquire an extensive, detailed understanding of
the whole subject area. These requirements are perhaps
more effectively achieved by more conventional Summer
School-like activities.

From a general perspective, during the three training chal-
lenges it became clear that the social skills of individual team
members affected their ability to work within a team envi-
ronment. In this respect, the challenges accurately reflected
a real multidisciplinary work environment. Where social
interactions became an issue for the performance of the
team, a significant proportion of tutor time was devoted to
the improvement of inter- and intra-team communication
and advising on the appropriate delegation of tasks. Within
the challenges, team size was designed to avoid student
couplets working independently. In practice, however, this
still occurred. Perhaps predictably, the absence of a ‘natural’
leader within a team also had an impact on their progress.
Interestingly, whilst teams with a natural leader seemed to
make more progress at the beginning of a challenge, ‘natural
leadership’ could also hamper the process when discussions

turned towards a scientifically detailed topic.
To improve the sociological aspects of the training challenge
format, it may be prudent to open future events with a
formal training session in methods for work in a team
environment. Towards this objective, training challenges 2
and 3 featured a contribution from an expert in multidisci-
plinary teamwork. This contribution was well received by
all students; however, it was not 100% effective in preventing
differences of opinion which hampered team performance. A
solution to this problem may be the implementation of a more
stringent selection process which includes an interview. This
would aid in the identification of those not suited to a
multidisciplinary work environment.

From a scientific perspective, the research undertaken by all
the teams yielded interesting and promising ideas and
concepts. We are not aware, however, whether any of the
research leads have been actively pursued in the aftermath
of the training challenge by the student whose case was
selected. It may well be interesting to reconvene teams at a
later date in order to discuss and further develop ideas and
concepts, and pursue tangible results from the work (e.g.,
publications, proposals, etc.). Such results could then be
applied to the assessment of the training success.

In summary, we feel that the Training Challenge format was
successful in providing students with a first experience of
multidisciplinary BMI-related project work. The events chal-
lenged students to (among other things): overcome language
barriers, differences in expertise, agree on a work plan, and
respect a variety of scientific viewpoints.

Feedback from the students indicated that the Training
Challenge had encouraged students to work in multidisci-
plinary teams and demonstrated to them that multidisci-
plinary team work can be enjoyable and rewarding.

Conclusion
From its inception in 2004, INFOBIOMED aimed to establish
a wide variety of educational and training activities. This
objective was achieved by developing a range of applica-
tions, services and activities enabling BMI-knowledge acqui-
sition (combined MI and BI courses), the facilitation of
collaborative BMI exchanges and the acquisition of multi-
disciplinary team working skills.

Encouragingly, this combination of different education and
training activities has been very positively received by
students and could serve as a starting point for a continued
European effort in this field. The combination of traditional
courses and novel educational activities serves to teach
students how to bridge gaps between MI and BI, and merge
the two fields in a multidisciplinary setting. In future
projects, more attention should be given to how a mobility
program plus training challenge could be most effectively
combined with more traditional educational activities. In
INFOBIOMED, educational activities were isolated activities
and were not integrated into a series of interlinked educa-
tional events.

To evolve this approach in the future, we feel it will be a key
issue to further emphasise to BMI-course designers and
student supervisors that multidisciplinary BMI training and
experiences are critical to the development of BMI students.
To achieve integration into current curricula and research

projects, time schedules will have to be adjusted to include
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overseas exchanges, summer-school attendance, and partic-
ipation in novel events such as the Training Challenges
described in this paper.

References y

1. INFOBIOMED. [homepage on the Internet]. Available at:
http://www.infobiomed.net. Accessed Jan 2008.

2. Blum BI, Duncan K, editors. A History of Medical Informatics.
Reading: Addison Wesley, 1990.

3. Collen MF. A History of Medical Informatics in the Unites
States: 1950 to 1990. Bethesda, MD: Am Med Inform Assoc,
1995.

4. van Bemmel JH. Medical Informatics, art or science? Meth
Inform Med 1996;35:157–72.

5. Barnett GO. History of the Development of Medical Information
Systems at the Laboratory of Computer Science at Massachu-
setts General Hospital. In: Blum BI, editor. Proceedings of ACM
Conference on History of Medical informatics; 1987, Nov 5–6;
Bethesda, MD, United States. New York: ACM Press, 1987, pp.
43–9.

6. Kulikowski C. The Scope of Medical Informatics as Art and
Science. Meth Inform Med 1996;35:185–8.

7. Shortliffe EH, Fagan LM. Research training in medical informat-
ics: the Stanford experience. Acad Med 1989;64:575–8.

8. Greenes RA, Shortliffe EH. Medical Informatics: an emerging
academic discipline and institutional priority. JAMA 1990;263:
1114–20.

9. Shortiffe EH, Perreault L, Fagan L, Wiederhold G, editors.
Medical Informatics. Computer Applications in Health Care.
2nd ed. New York: Springer-Verlag, 2001.

10. Kohane I. Bioinformatics and Clinical Informatics: The Impera-
tive to Collaborate. J Am Med Inform Assoc 2000;7:439–43.

11. Iakovidis I. Towards Personal Health Record: Current situation,
obstacles and trends in implementation of Electronic Healthcare
Records in Europe. Int J Med Inform 1998;52:105–17.

12. Magee J, Gordon JI, Whelan A. Bringing the human genome and
the revolution in bioinformatics to the medical school class-
room: a case report from Washington University School of
Medicine. Acad Med 2001;76:852–5.

13. Altman R. Bioinformatics in support of molecular medicine. In:
Chute CG, editor. Proceedings of the AMIA Annual Sympo-
sium, 1998, Nov 8–11; Orlando, FL, United States. pp. 53–61.

14. Hagen J. The origins of bioinformatics. Nat Rev Genet 2000;1:
231–6.

15. Kulikowski C. The Micro-Macro Spectrum of Medical Informat-
ics. Challenges: From Molecular Medicine to Transforming
Health Care in a Globalizing Society. Meth Inform Med 2001;
41:20–4.

16. Stein H. Creating a Bioinformatics Nation. Nature 2002;417:
119–20.

17. Maojo V, Kulikowski CA. Bioinformatics and medical informat-
ics: collaborations on the road to genomic medicine? J Am Med
Inform Assoc 2003;10:515–22.

18. Mallick P. The accidental bioinformaticist. J Cell Biochem 2000;
80:208–9.

19. Schadt EE. The making of a bioinformatician. J Cell Biochem
2000;80:212–5.

20. Torres MJ. How I began my training in bioinformatics. J Cell
Biochem 2000;80:210–1.

21. Zauhar RJ. University bioinformatics programs on the rise. Nat
Biotech 2001;19:285–6.

22. Wickare P, Smaglik P. Training in a hybrid discipline. Nature

2001;413:6–7.
23. Miller PL. Opportunities at the Intersection of Bioinformatics
and Health Informatics. J Am Med Inform Assoc 2000;7:431–8.

24. Martin-Sanchez F. BIOINFOMED. Prospective Analysis on the
Relationships and Synergy between Medical Informatics and
Bioinformatics. European Commission, 2002.

25. Martín-Sanchez F, Maojo V, López-Campos G. Integrating
genomics into health information systems. Meth Inform Med
2002;41:25–30.

26. Brass A. Bioinformatics education—a UK perspective. Bioin-
form 2000;16:77–8.

27. Friedman CP, Altman RB, Kohane IS, McCormick KA, Miller
PL, Ozbolt JG, et al. Training the Next Generation of Informa-
ticians: The Impact of BISTI and Bioinformatics—A report from
the American College of Medical Informatics. J Am Med Inform
Assoc 2004;11:167–72.

28. Johnson SB, Friedman RA. Bridging the gap between biological
and clinical informatics in a graduate training program. J Biomed
Inform 2007;40:59–66. Epub 2006, Mar 15.

29. Johnson SB. A Framework for the Biomedical Informatics Cur-
riculum. Proc AMIA Annu Symp 2003;:331–5.

30. Altman RB, Klein TE. Biomedical informatics training at Stan-
ford in the 21st century. J Biomed Inform 2007;40:55–8. Epub
2006, Mar 9.

31. Altman R. A Curriculum for Bioinformatics: the time is ripe.
Bioinform 1998;14:549–50.

32. Hersh WR. The Full Spectrum of Biomedical Informatics Edu-
cation at Oregon Health & Science University. Meth Inform Med
2007;46:80–3.

33. Kane MD, Brewer JL. An information technology emphasis in
biomedical informatics education. J Biomed Inform 2007;40:67–
72. Epub 2006, Mar 9.

34. MI&BI&NI. Synergy between Research in Medical Informatics,
BioInformatics and NeuroInformatics, Knowledge empowering
Individualised Healthcare and Well-Being; Dec 14, 2001;
Brussels, Belgium. Available at: http://14dec2001.ramit.be/
presentations.html.

35. Martin-Sanchez F, Iakovidis I, Norager S, Maojo V, de Groen P,
Van der Lei J, et al. Synergy between medical informatics and
bioinformatics: facilitating genomic medicine for future health
care. J Biomed Inform 2004;37:30–42.

36. BioInfoMed, Synergy between Medical Informatics and Bioin-
formatics: Facilitating Genomic Medicine for Future Healthcare,
2003. Available at: http://bioinfomed.isciii.es/Bioinfomed/The%
20White%20Paper/results/White%20Paper.pdf. Accessed Jan 2008.

37. Collexis Inc. [homepage on the Internet]. Available at: http://
www.collexis.com. Accessed Jan 2008.

38. van Mulligen EM, Diwersy M, Schmidt M, Buurman H, Mons B.
Facilitating networks of information. Proc AMIA Annu Symp
2000;:868–72.

39. van Mulligen E, Diwersy M, Schijvenaars B, Weeber M, Van Der
Eijk C, Jelier R, et al. Contextual annotation of web pages for
interactive browsing. In: Fieschi M, Coiera E, Li Y-CJ, editors.
Proc 11th World Congr Med Inform 2004;:94–8.

40. de la Calle G, Maojo V, Benito M. The INFOBIOMED Network
of Excellence: facilitating training and mobility in biomedical
informatics in Europe. Stud Health Technol Inform 2006;124:
893–8.

41. Gerstein M, Greenbaum D, Cheung K, Miller PL. An interde-
partmental Ph.D. program in computational biology and bioin-
formatics: the Yale perspective. J Biomed Inform 2007;40:73–9.
Epub 2006, Mar 6.

42. Gross LJ. Education for a biocomplex future. Science, 2000;288:

807.

http://www.infobiomed.net
http://14dec2001.ramit.be/presentations.html
http://14dec2001.ramit.be/presentations.html
http://bioinfomed.isciii.es/Bioinfomed/The%20White%20Paper/results/White%20Paper.pdf
http://bioinfomed.isciii.es/Bioinfomed/The%20White%20Paper/results/White%20Paper.pdf
http://www.collexis.com
http://www.collexis.com

	Training Multidisciplinary Biomedical Informatics Students: Three Years of Experience
	Introduction
	Background
	Current State of BioMedical Informatics Training

	Formulation Process
	Model Description
	Planning and Needs Assessment Surveys
	Mobility Program
	The Mobility Brokerage Service
	Use of the MBS

	Training Challenges

	Validation through Example
	Survey Results
	Mobility Program
	Training Challenges

	Discussion
	Conclusion
	References


