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Far too much biomedical research is wasted and ends in the so called “Valley of
Death”: the gap that exists between biomedical research and its clinical application.
While the translational process requires collaboration between many disciplines, current
translational medicine focuses on single disciplines. Therefore, educational pathways that
integrate clinical and research skills in interdisciplinary and interprofessional contexts are
needed. The Eureka institute (http://www.eurekainstitute.org/) was founded to address
these issues. The institute organizes an annual 1-week international certificate course to
educate professionals in the domains of translational medicine.

Study design: This study set out to investigate the impact of the Eureka certificate
course on the alumni, focusing on their ability to engage in translational activities and
thus become more proficient translational professionals. An explanatory, mixed-methods
study was executed.

Data collection: A questionnaire was distributed to collect quantitative data on the
number of alumni who were able to apply what they learned during the Eureka course
and engage in translational activities. Questionnaire data were also used to inform the
semi-structured interviews that were conducted subsequently.

Results: Fifty-one percent of the alumni reported that participating in the Eureka course
played a role in their decision to change to a different job or in the way they were
accomplishing their everyday work. Ten conditions for change that either hampered
or supported the Eureka alumni’s engagement in translational research activities were
identified. Further, the learning outcomes of the Eureka course that impacted the alumni’s
professional activities were explored using Personal Professional Theory (PPT). The
insight that alumni gained in the full translational spectrum and stakeholders involved

Frontiers in Medicine | www.frontiersin.org

1 November 2018 | Volume 5 | Article 298


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2018.00298
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2018.00298&domain=pdf&date_stamp=2018-11-09
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:m.m.weggemans@umcutrecht.nl
https://doi.org/10.3389/fmed.2018.00298
https://www.frontiersin.org/articles/10.3389/fmed.2018.00298/full
http://loop.frontiersin.org/people/528177/overview
http://loop.frontiersin.org/people/616809/overview
http://loop.frontiersin.org/people/604975/overview
http://loop.frontiersin.org/people/154961/overview
http://loop.frontiersin.org/people/34145/overview
http://www.eurekainstitute.org/

Weggemans et al.

Preventing Translational Scientists From Extinction

stimulated reflection on their own role within that pathway. Further, according to the
alumni, the course provided them with the skills and confidence to pursue a career
as translational professional. These learning outcomes, in combination with conditions
that supported alumni’s engagement in translational activities, such as supportive
professional partners, opportunities to network or collaborate, and a translational work
environment, contributed to the large number of alumni that were able to engage in

translational activities.

Keywords: translational medicine, clinician-scientist, translational scientist, translational research, training,
education, personal professional theory, program evaluation

INTRODUCTION

For several decades, concerns have been raised about the large
amount of biomedical research that end in the so-called “Valley
of Death”™: the gap that exists between biomedical research and
its clinical application (1, 2). Modern medicine fails to translate
innovations at the bench to tangible products at the bedside,
leading to an estimated waste in research of 85% of all research
funding (3). Although some waste in research is inevitable, the
real concern is that a large part of this waste is due to structural
issues in the research ecosystem and could be avoided (3-5).
The cause of this problem is multidimensional and crosses the
domains of academia, industry, and government (6, 7). Indeed,
academic, commercial, and political interests often influence
decisions about what is studied and how this research is executed,
while users of research evidence, such as patients and clinicians,
are rarely involved in these decisions (4).

To better align biomedical research with clinical needs and
allow for translation of discoveries to clinical practice, there is a
need for improved collaboration between all disciplines that are
part of the translational process (4, 6) This requires central figures
with a full understanding of the translational spectrum, who
are able to integrate the perspectives and needs of all involved.
These translational scientists—either PhDs with an interest in
clinical research or clinician-scientists—need to have a broad
set of knowledge and skills to help breaking down the barriers
between the different disciplines and foster interdisciplinary
communication and collaboration (8-10).

Educational pathways, such as MD/PhD-programs, have
been developed to encourage training of physician-scientists.
However, obtaining both a clinical and research degree does
not necessarily create a physician-scientist, as clinical and
research degrees are based on approaches that are fundamentally
different (11). Many dual-degree programs lack integration of
these different ways of thinking. Often, the full breadth of
translational medicine, the perspectives of academia, industry,
government, and patients, and the skills needed to work in
multidisciplinary teams are not addressed. In addition to dual-
degree programs there is a wealth of postgraduate training
programs that focus their content on knowledge of translational
medicine. The majority of these programs do not address
the full range of competencies needed to become a lead
figure in translational medicine. They often focus on a more
specific skills set, such as postgraduate research training for

clinicians or programs that focus on biomedical technology
(10, 12, 13).

Most programs lack role modeling and mentorship (11, 14).
Although mentorship for medical students is generally deemed
important, students aiming for a translational scientist career
are particularly in need of role models and mentors, because
of the many challenges they need to face during their careers
(15). It is often difficult to find a clinical job that allows for
protected time for research, and funding and reward systems
focus on publications and citation scores while translational
research consists of longer periods that produce no or only lower-
impact papers (16). Because of these challenges in the training
and career pathways for translational scientists, the number of
researchers and clinicians pursuing such a career has been static
over the past decades, with an average age that continues to
rise. All in all, regardless of the need for a growing number
of translational scientists to advance medicine, this professional
figure seems to be in danger of becoming extinct (16, 17).

The Eureka institute for Translational Medicine (http://
www.eurekainstitute.org/) was founded in 2007 based on the
realization that international, system-wide networks to train and
sustain translational scientists did not exist. The Eureka institute
aims to build an interdisciplinary community of translational
professionals that are equipped to promote the development
of true translational studies. The international certificate course
that is organized on a yearly basis addresses the educational
needs of Eurekas mission. During the course, participants
are educated in knowledge domains of translational medicine
through formal (e.g., workshops and seminars) and informal
(networking opportunities with faculty) curriculum elements,
and with mentoring from experts in translational medicine and
education. Course evaluations directly after the course revealed
high scores for both formal and informal curriculum elements.
Participants reported a “paradigm shift” in their scientific
knowledge and beliefs. The present study aims to investigate
whether alumni of the Eureka certificate course are indeed better
able to engage in translational research activities and how this
can be supported. The research questions are: (1) Are alumni of
the Eureka certificate course better able to engage in translational
activities?, (2) What conditions for change hamper or support
Eureka alumni’s engagement in translational research activities?
and (3) What are the learning outcomes for Eureka alumni
that impacted (one of) their professional activities (e.g., research,
clinical work, education, management)?
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THEORETICAL FRAMEWORK

The learning outcomes of the Eureka -certificate course
were expected to be complex in nature because the course
curriculum covers various types of knowledge, for instance
explicit knowledge regarding the health professions and
personal knowledge of (partly) tacit nature. Further, the course
builds forward on prior training and work experiences of the
participants and combines knowledge and skills development.
Therefore, personal professional theory (PPT) was used to
understand the learning outcomes for Eureka alumni. The
PPT concept was investigated by Schaap et al. (18) in the field
of competence-based vocational education, where moving
toward a competence-based model brought along issues with
the definition and assessment of learning outcomes in which
knowledge, skills, and attitudes were addressed as integrated
wholes (19). Schaap et al. (18) define a PPT as “a personal
professional knowledge base that serves as frame of reference in
the process of internalizing professional knowledge and beliefs.”
This process of internalization requires critical reflection on
previous experiences, knowledge, and beliefs, and adopting
shared knowledge and collective norms, values and beliefs of
a vocational community so that they become personalized.
The content of PPTs involves propositional knowledge,
conceptual knowledge and personal beliefs. Propositional
knowledge consists of discipline-based theories and concepts
(20). Conceptual knowledge contains knowledge about facts,
concepts and principles that can be applied in a specific domain.
Personal knowledge is what an individual knows and is able to
do (20). PPTs can act as a frame of reference through which new
knowledge and beliefs can be acquired and interpreted and direct
professional behavior.

The content of a PPT is divided into six objects: vocational
domain, organizations, social environment, target group,
technical-instrumental processes, and professional development.
Together, these objects encompass the vocational knowledge,
including knowledge on the professional environment and
professional development, that is needed to perform adequately
in a specific vocation (18).

METHODS

Context

The Eureka institute defines translational medicine as the
continuum from a scientific idea or finding to a diagnostic
tool and/or therapy applied to human diseases. This means
that translational scientists need to have a comprehensive
understanding of the aspects of the translational process,
including molecular medicine, intellectual property, financing,
regulation, and pre-clinical and clinical studies, without
necessarily being a specialist in any of those fields. Knowledge
and beliefs of these different domains and disciplines are
acquired during the certificate course through seminars,
workshops, and case-studies that are facilitated by leaders in
translational medicine and educational experts. As it remains
impossible for one single person to be an expert of all aspects
of the translational itinerary, the course also largely focuses

on developing the skills to navigate this itinerary, namely
communication, networking, and connecting the different
domains and disciplines. Teambuilding activities and group
assignments are designed to develop the skills to foster innovative
teams, critical thinking, problem solving, and communicating
effectively across broad audiences. Furthermore, the Eureka
course has a personalized learning approach in which challenges
and experiences of the participants are central in all sessions.
Mentoring and speed-dating sessions with faculty are focused to
provide individual advice on issues the participant raises from
their working environment or related to career development.

The Eureka certificate course was first organized in 2009 and
aims at mid-level career professionals who are working in the
field of translational medicine. It is organized on an annual
basis for an international group of around 30 participants and
lasts 1 week. For the present study, all alumni who attended
the certificate course from 2009 up to and including 2014 were
approached (144 alumni in total).

Design

An explanatory, mixed-methods design was selected and
conducted in two phases (21). In the first phase a questionnaire
was distributed among all 144 alumni of the Eureka certificate
course. A questionnaire was chosen as the preferred method in
the first phase because it would provide quantitative data on
the number of alumni that indicated that their participation in
the course had helped them to engage in translational activities.
The responses to this questionnaire informed the development
of a semi-structured interview guide and coding schemes for the
second phase of this study. The interview approach was chosen
to gain a better understanding of the conditions for change
that hampered or supported the engagement in translational
research activities and the learning outcomes for Eureka alumni
that impacted their professional activities. Ethical approval for
this study was obtained from the Ethical Review Board of the
Netherlands Association for Medical Education (NERB#403).

Participants

From 2009 to 2014, 144 participants took part in the Eureka
certificate course. In March 2015 the questionnaire of the first
phase of this study was sent to all 144 alumni. Seventy-eight
alumni (54%) completed the questionnaire. In October 2016
the same 144 alumni were invited over email to participate
in a semi-structured interview. In total, 14 alumni (8 male,
6 female) volunteered to participate, representing a variety
of institutions from four continents. They were working as
either a physician-scientist, full-time scientist, or manager of
(translational) research. Fictitious names are used for quotes
throughout this paper to indicate the gender of the alumni.

Instrumentation

The questionnaire was developed by three of the researchers
(BP, NR, and MW). Two of them (BP and NR) are experts
in the field of translational medicine and one (MW) is the
primary researcher and is not related to the Eureka institute. The
questionnaire was pilot tested with five alumni of the Eureka
certificate course. The input from these alumni led to minor
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changes to the wording of the questions. The final questionnaire
consisted of the questions: Were you able to apply what you
learned at the Eureka course in your home environment? If yes,
what allowed you to? If no, what prevented it? and Did your
experience at the Eureka course change the jobs you've held or what
you’re doing in your work? If yes, please explain what changed?

The semi-structured interviews were developed by the
same three researchers and informed by the results of the
questionnaire. The interviews covered 12 questions regarding
learning outcomes of the Eureka course, intentions for practice
and changes in practice after the Eureka course, conditions for
change to engage in translational activities, and questions related
to the interviewees engagement in translational networks.

Data Collection

The final questionnaire was distributed via email to alumni who
had participated in the course anywhere from 1 to 6 years (mean
2.9 years, SD 1.6 years) since completion. The questionnaire
was anonymous and all respondents provided informed consent
before starting the questionnaire. The interviews were conducted
by one of the researchers (MW) who is not associated with the
Eureka institute, varying from two to seven years after alumni’s
participation in the course. Eleven of the 14 interviews were
completed using Skype technology and three were conducted
face-to-face. All interviews lasted up to 1h, were audio recorded
with the permission of the interviewees and transcribed verbatim
without identifying data. The final questionnaire, interview
scheme and coding schemes can be found in the Appendix.

Data Analysis

The transcripts of the semi-structured interviews were coded
and analyzed by one of the researchers (MW) together with
a research assistant. Both were not associated with the Eureka
institute. Two coding schemes were developed, using directed
content analysis methodology (22). This means that coding
schemes were developed before the start of data analysis using
prior research (coding scheme I) or existing theory (coding
scheme II) (22). Coding scheme I regarded the second research
question and thus focused on conditions for change that underlie
the engagement of Eureka alumni in translational research
activities. For the development of this coding scheme the
descriptive qualitative responses to the questionnaire were coded,
which led to the identification of six conditions for change.
Coding scheme II concerned the third research question. This
scheme was developed based on the work of Bakkenes et al.
(23) in which four main categories of learning outcomes for
teacher learning were defined and validated (as opposed to
student learning in which case learning outcomes are often
conceptualized as exam or test scores). The four categories
of learning outcomes in our coding scheme II were: changes
in knowledge and beliefs, intentions for practice, changes in
practice, and changes in emotions. Each learning outcome
category was subdivided into the six objects that form the content
of a PPT: vocational domain, organizations, social environment,
target group, technical-instrumental processes, and professional
development (18). The initial coding schemes were applied by
both coders independently to four randomly selected interviews

(28%). Segmentation was initiated at utterance level (24). After
each interview both coders met to compare the results of their
coding, resolve differences by consensus discussion, and further
develop the coding schemes. Coding scheme II only required
minor changes for clarification in the operationalization of the
codes. Coding scheme I was further expanded due to new themes
that emerged, leading to the definition of additional codes,
namely “(lack of) personal characteristics,” “(lack of) training
in how to engage in translational research activities,” “(lack of)
supportive funding and reward system,” and “(lack of) feasibility
to conduct translational research.” After coding of the first five
interviews was completed no new codes emerged.

The final coding schemes were checked for reliability in
coding by determining interrater agreement. Both researchers
independently coded two more interviews to account for more
than 10% of the data (25). Interrater reliabilities were calculated
separately for each coding scheme and showed an adequate level
of agreement (inter-rater reliability 71 and 81%, and Cohen’s
kappa 0.77 and 0.88 for coding schemes I and II, respectively)
(26). The final coding schemes were applied to the remaining
seven transcripts by the research assistant.

RESULTS

Questionnaire

Eighty-six percent of the alumni indicated that they had been
able to apply what they learned at the Eureka certificate course
in their (professional) home environment. For 51% participating
in the Eureka course had played a role in the decision to change
to a different job or in the way they were accomplishing their
everyday work.

Interviews

Conditions for Change

One aim of the interviews that were held with 14 alumni was
to understand the conditions that made it either possible or
impossible for Eureka alumni to engage in translational research
activities. This led to the identification of ten conditions for
change underlying their engagement in translational activities,
which are summarized in Table1 and will be described in
more detail below. All conditions for change start with “(lack
of)” to indicate that the presence of the conditions supports
engagement in translational activities while the absence of a
condition hampers thisengagement. For most conditions, both
absence and presence of a condition had been experienced by
different alumni.

(Lack of) latitude to conduct translational research

Alumni described how having the opportunity to initiate research
projects and collaborations was an important determinant for
their ability to engage in translational research. Others, on the
contrary, pointed out how they felt restricted to do so within their
professional environment.

“I think my job is quite, I mean, 'm still within a 5 year contract
that was very much, let’s say, set in stone and it was clear what I
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TABLE 1 | Conditions for change underlying the engagement in translational
research activities of alumni of the Eureka certificate course.

Lack of) latitude to conduct translational research
Lack of) motivation to conduct translational research
Lack of) opportunities to network and/or collaborate
Lack of) research time and/or money

Lack of) supportive professional partners

Lack of) personal characteristics
Lack of) training in how to engage in translational research activities
Lack of) supportive funding and reward system

2 © ® N o o N =

o

(
(
(
(
(
(Lack of) translational work environment (general)
(
(
(
(

Lack of) feasibility to conduct translational research

was supposed to achieve and what to do. And I don’t think I had
any power to change this.” (Maria)

(Lack of) motivation to conduct translational research

The wish to contribute to better patient outcomes was described
as a great motivator for almost all of the alumni. Doing research
with the patient in mind was said to give additional meaning and
relevance to their work and felt more rewarding than research
without clinical application.

“I still want to fight for a better outcome for my patients so I keep
on doing this, and I like it, you know, if you don’t like it you’re not
going to stay in this game.” (Anna)

(Lack of) opportunities to network and/or collaborate
The importance of being able to contact other people in the
field of translational medicine was emphasized by most of the
alumni. Examples of experienced benefits were finding a new
job through contacts within the alumni’s network, knowing
more senior translational professionals who can act as mentors,
receiving input on research proposals from peers, establishing
collaborations for research and educational activities, and being
stimulated and inspired by people who share the same objectives.
The lack of a collaborative atmosphere, or more specifically a
competitive atmosphere, was said to be counterproductive as it
leads to delays in research and increases in research costs.

“So that is someone who has more power for his experiments, but
we believe that over there they draw conclusions too quickly. But
if we could collaborate, we could talk about these things and exert
some influence. And then we would not have to spend money on
the same research twice.” (Julie)

(Lack of) research time and/or money

Having protected time for research was regarded as an essential
factor by most of the alumni. Although this seems to be most
obvious for clinician-scientists, as clinical duties often take
priority over research, also fulltime scientists experience a lack
of time due to teaching and management obligations. Job profiles
that prescribe a certain percentage of time that is (contractually)
protected for research seem to be successful examples in some
institutions. The issue of funding for research was often related

to the issue of time, as being dependent on grants for research
funding is time consuming, especially with success rates that have
gone down considerably over the years. Working in labs that have
sufficient funding and institutions that provide support for early-
career researchers or start-up funding were therefore considered
to be very helpful.

“So there’s start-up funding that was made available to me both
from the hospital department of pediatrics and from the research
institute, and that has been critical, because as I said grant funding
is hard to get and when it runs out it runs out and then there is
nothing. Yet you have a lot of fixed costs. ..yeah.” (Luke)

(Lack of) supportive professional partners

Alumni described how the support of professional partners
was very important for their ability to engage in translational
research. Partners that were mentioned were superiors, clinicians,
researchers, colleagues from different departments or disciplines,
mentors, and students.

“I'have my position, my current position now in large part because
I entered a purely clinical division and they were very interested
in having a research component, like a science translational
component [...] and so that team, you know, was very open to
having me join them and they have been very strong advocates
for me and I wouldn’t have this position without them.” (Laura)

(Lack of) translational work environment
Many examples were given during the interviews of how
a “translational philosophy,” and the presence of “visionary
people” who contribute to the realization of such a translational
work environment, influence the alumni’s ability to engage in
translational research. One such example is having established
collaborations between hospitals and universities as it provides an
infrastructure that enables translational research: it is easier for
clinicians and scientists to collaborate and understand each other,
improves access to data and (clinical) samples, and provides more
opportunities for patients to participate in trials from which they
may benefit. Furthermore, it prevents clinician-scientists from
feeling torn when they have to choose whether an article or grant
should count for the hospital or the university.

Supportive Human Resource Management practices and
support for early career researchers were also mentioned, as is
exemplified in the following fragment:

“There are moments in our career when we need more support
and that will pay of later on. But...at an early stage of your career,
that you have to be as good as a well-established professor in terms
of, you know, bringing revenues for research and publishing, that’s
a bit unfair.” (Maria)

(Lack of) personal characteristics

Most alumni mentioned a number of personal characteristics
that are required to succeed in translational research. They
mentioned that translational professionals need to be very
good communicators and collaborators that function well in
multidisciplinary teams, rather than striving to succeed in
individual, goal driven research. Since many described how
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working in translational medicine can be challenging and
stressful, commitment, perseverance, time-management and
being able to ensure a good work-life balance were also
mentioned as important factors for success.

“I see these as people who have a cohesive team around them.
They have a really clear focus on an important health issue. They
know how to communicate well, so for example, there is a group
who is getting huge amounts of funding for diabetes, you know
translational work in diabetes, huge amounts, millions of dollars,
but they have really, they’ve got their collaborators from all over
the country, they're actually bringing all the people in that they
need, they’ve got a really tight team around them, they’ve brought
in all the assets that they need to make their work happen. So
they’re quite entrepreneurial in their approach. The people who
are less entrepreneurial, so who are much more inward looking,
are not as successful.” (Emma)

(Lack of) training in how to engage in translational research
activities

The issue of training in translational research was mentioned
in several interviews. Some said that it was not until their
participation in the Eureka certificate course that they gained a
full understanding of the translational pathway. Looking back,
they would have liked to have received this kind of training earlier
on in their careers, for example during graduate training or while
working on their PhD. Others noted how difficult it is to find
students who are interested in translational medicine because
they are very “polarized” when they finish their undergraduate
degrees due to the focus of these programs on either basic
science or medicine. For students who do pursue a combined
training path, such as an MD-PhD program, alumni felt it
was difficult to see the goal at the end of that pathway due
to limited opportunities to work as clinician-investigator or
clinician-scientist.

“But I also think that training is really important, and I think
potentially even introducing new approaches to PhD training,
so really starting to train young researchers earlier and not just
young researchers, but young clinicians, you know, really bringing
them together with researchers, to work out how do they prioritize
the questions that they are asking, and how do they achieve the
best outcome for their patients? Because that’s what they want,
that’s what the researchers and clinicians want, that’s the thing that
drives them.” (Emma)

(Lack of) supportive funding and reward system

Current funding and reward systems that focus on prominent
author positions on high-impact papers were often seen as a
difficulty in succeeding in translational research. As successful
translational work is often the result of a collaboration between
scientists and clinicians, and often additional partners, metrics
in terms of author positions on papers and impact factor
do not adequately reflect the work that was put in. One
interviewee called the current system “anti-collaborative” and
“anti-translational.” Many alumni felt that every author position
on a paper should be valued and that, in addition to publications,
translational outcomes should be demonstrated and rewarded.

Some alumni also described how they felt restricted to engage
in translational activities by these systems as grants and job
evaluations often depend on these author positions, number of
publications and impact factor. Because that is the case, they
felt pressed to spend time on projects that are less translational,
but lead to faster results and can be published in higher impact

papers.

“Because at the end of the day, no matter if someone is in industry
or somebody is in university, we all answer to somebody and if we
don’t answer to that person or entity the way that we need to, we
cease to have the position. You know, so there’s always conflicting
priorities. So I think it would be brilliant if there could be some
shift away from, in my world academics, the traditional metrics of
publications, grants, and presentations to something that values
collaborative work and ideas more than it is today. And now I feel
that it's only valued when it turns in to the traditional types of
academic output, which inherently puts a constraint on even the
kinds of translational ideas that you can think about.” (Luke)

(Lack of) feasibility to conduct translational research

Some alumni mentioned factors that were difficult to influence,
but could determine whether their efforts would be successful.
Examples include ending up at the right institution, meeting the
right people at a conference, and ending up with a patentable
discovery.

“So I was really at a moment in my life where I was questioning
where I wanted to go and the truth is, a friend saw the
advertisement for [my current position] and said it is not for me
but maybe you should look at it, because it might be interesting
for you. And I looked at it and I liked what they were doing and
the position, so I applied but it was really by chance. Also, I think
at that time I was ready for a next move in my career, it came at a
point where I was ready to take this step.” (Sophie)

Learning Outcomes

In this part we describe how the learning outcomes of the alumni
of the Eureka certificate course contributed to their engagement
in translational activities, which was the second aim of the semi-
structured interviews. Results are described for each of the four
categories of learning outcomes, and — when applicable - each of
the six objects of PPT.

Changes in knowledge and beliefs

Vocational domain Almost all alumni reported that obtaining a
clear perspective on the full spectrum of translational medicine
was one of the most valuable outcomes of the Eureka course.
Alumni were generally not aware of the entire translational
process prior to the course or had used the term “translational
research” for different types of research, as one alumnus explains:

“It really struck me that that's a mistake I think is often made,
and this phrase ‘translational research’ is really misinterpreted
and misused very frequently. So I used to say that I did [do
translational research], but actually what I was doing was basic
research that was with some human cells now and then, rather
than kind of thinking through, you know, a much more complex
process, which is actually what translation is.” (Tom)
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This insight in the full translational pathway influenced what
alumni regarded as end point of their research and how they
felt about the need for inter-professional collaborations. Gaining
a better understanding of the drug development pathway, the
importance of intellectual property (IP) and patenting in order
to be an interesting partner for industry, and the importance of
interfacing with people who are making (health) policy decisions
directed their focus toward the implementation of research
outcomes, rather than publication of results only.

“So I think where Eureka has influenced my thinking maybe is
what 'm going to do with the results of my studies and how I'm
going to think about translating that into, you know, something
beyond just ‘here’s the paper reporting the results’.” (Luke)

Moreover, the clear perspective on the full translational spectrum
and stakeholders involved allowed participants to reflect on their
own role and where they wanted to be within that spectrum:

“I think since Eureka, you know I'm very clear that I'm a, you
know I'm a basic and a translational scientist, that I started to use
that word and feel more comfortable saying that you know, that
I'm a translational scientist, that translation isn’t just something
you do. You can actually sort of be that person that takes care of
that type of research.” (Laura)

Organizations One alumnus said that the personalized approach
of the Eureka course led to new insights in how to manage people
in research:

“For me, the most important insight was actually the way the
course was set up, connecting the human dimension, like personal
growth and development and how people interact with each
other as persons instead of professionals, to connect that to the
challenges in the field research.” (Alex)

Social environment For most alumni the course helped to gain an
overview of the people involved in translational medicine, which
helped to understand the need to collaborate with people and
with organizations.

“I have a much more well thought out understanding of how this
all works and where I fit within it, and what needs to be done for
me to make a connection, if I need to make the connection, and
how to build bridges. So I think you know Eureka provided a lot
of time for thinking and time for talking to people from different
areas, who have, even though they are form different areas, have
similar experiences and similar frustrations and road blocks, and
I think it gained a lot more insight.” (Luke)

Furthermore, the interaction with other participants fostered
a greater understanding of translational professionals from
different backgrounds.

“I think that, to understand what motivates different people,
you know what’s motivating a scientist vs. a clinician when
they approach a problem, understanding how those sort of, our
training makes us sometimes good collaborators, and not so great
collaborators.” (Laura)

Personal development Alumni described that the course showed
them the difficulties in communication and collaboration, which
enabled them to reflect on their own communication and
collaboration styles.

“It provided me a lot of insight in the way people can behave very
different in a group [...] and how that’s fine. So it is important to
have diversity within a group and for everyone to have different
characteristics.” (Julie)

Intentions for practice

Vocational domain A few alumni described how, immediately
after the course, they had planned to look back at projects they
had undertaken in the past to see whether the results could
be translated into clinical practice. In general, however, alumni
seemed to have little recollection of the intentions they had at the
end of the course. Other intentions had turned into changes in
practice by the time of the interview and will be discussed under
1.3.

Social environment The network of alumni of the Eureka
certificate course was mentioned during all of the interviews.
Almost all alumni mentioned that they wanted to stay in touch
with the Eureka community, usually because of a combination of
the friendships that had formed during the course and the want
to be in contact with peers or mentors. Although most alumni
were still in contact with at least some of the Eureka alumni or
faculty, it was also indicated that they did not form a cohesive
network. Possible explanations that were provided during the
interviews were physical distance (as the Eureka alumni form
an international group), restrictions in time, limited follow-up
by the Eureka institute, and the difficulty of connecting over a
common theme that is as broad as translational research without
a specific project binding them:

“And at least in my case, whenever I've built meaningful
professional connections, that have blossomed into something
long-term, and actually had tangible benefits, it’s always been or
almost always been around specific work that we've done together.
As opposed to just ‘hey you’re an interesting person in a different
discipline, let’s translate together’.” (Kevin)

Changes in practice
Vocational domain Three different types of changes in practice
within the vocational domain were described by the alumni:
changes in professional appointment, changes in research
activities, and changes in teaching styles or methods.
Participating in the Eureka course led to a change in
professional appointment for some of the alumni, because they
felt restricted in their abilities to do translational research in
their previous positions. These changes in positions were either
within academia toward a more translational environment, or
from academia to industry as is the case in the following example:

“So T've actually very recently accepted a new position at a
company, and that has certainly been influenced by my experience
at Eureka. And so from January T'll be moving to a technology
development company that is more focused on translation, you
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know from a bit more commercial rather than an academic side,
but it's what I want to do because I am so interested in actually
delivering something that you know success or fail, at least you
take it to those steps to test that. And that definitely has been
Eureka, has had an impact on that decision.” (Tom)

Others described how their research activities have become
more translational, for example by setting up collaborations with
clinical departments to be able to use clinical samples rather
than animal models or by deliberately choosing research projects
that may benefit patients over research projects that may lead to
publications on the short term.

Alumni also reported changes in practice outside the
translational domain: specific teaching methods and elements of
the personalized teaching style that is applied during the Eureka
course have been used by alumni in their own teaching activities
and in interactions with colleagues and other people. Also, some
alumni organized courses and workshops that were inspired by
the Eureka certificate course.

Organizations Alumni described how the Eureka course helped
them to create a research team, acknowledging what people
did for the team and helping them to develop themselves. One
alumnus described how he restructured a research department:

“We work with approximately 40 researchers in the lab and 40
clinical researchers, and then the clinical department is even
bigger. So I think the setting up a structure in which people,
despite them working on very different topics without speaking
one another’s language, do collaborate and believe it to be an
integrated and meaningful experience, that is something that I,
for the better part, gained from the Eureka course.” (Alex)

Personal development Alumni described how they gained the
skills to communicate around the impact and relevance of
their work, to reflect on their careers and take leadership in
professional decisions, thanks to the confidence they gained in
their roles as translational professional during the Eureka course.

Changes in emotions

Vocational domain Alumni described that the course increased
their motivation to become translational professionals, because
they felt inspired by the faculty and other participants, who
showed them that it was possible to succeed in translational
medicine, and because of the inspiration for new projects and
possibilities to make their own work more translational. For
others, the Eureka course came at a time where they were
deciding on future directions for their careers, for which the
Eureka course offered them the ideas, contacts or confidence.

DISCUSSION

This study set out to investigate whether alumni of the Eureka
course were better able to engage in translational activities,
the conditions for change that hampered or supported Eureka
alumni’s engagement in translational research activities, and the
learning outcomes of the Eureka certificate course that impacted
their professional activities.

Two to seven years after the course alumni reported high
impact of the course on their professional activities, both in
terms of applying what was learned (89%) as well as on
job crafting (51%). Though by no means of proof of the
efficacy of the course, this finding is remarkable in the light of
what we know about the professional struggles of translational
scientists.

Ten conditions for change were identified that had
either hampered or supported the engagement of alumni in
translational activities. Two conditions that mainly hampered
this engagement focused on the lack of (dedicated) time and
funding for research and the current funding and rewards
systems. These issues have frequently been addressed in the
literature (3, 16, 27). Research requires protected time, but
often this time is limited due to patient care, management
activities or teaching expectations. Funding for research largely
depends on grants, which further draws away from the already
limited time for research. Further, academic promotions are
ultimately based on publications, citation indices, and related
metrics such as the Hirsch-index, discouraging publishing
on the implementation of research findings in practice
as this type of research takes considerable more time to
produce (3, 16). The results of the questionnaire, however,
indicated that a large number of alumni succeeded to engage
in translational research despite these systems. Our results
suggest that this was likely due to a combination of conditions
that are supportive for engaging in translational activities,
such as supportive professional partners and working in a
translational work environment, and the learning outcomes that
resulted from alumni’s participation in the Eureka certificate
course.

The concept of PPT was used to understand the learning
outcomes and how they enabled alumni to further develop
as translational professionals. Gaining a full understanding of
the whole translational pathway and the stakeholders that are
involved in this pathway seem to be the most important insights
that alumni gained from the Eureka certificate course. It enabled
them to reflect on their own role within that pathway and
stimulated them to more consciously make decisions on the
type of research they wanted to engage in, the environment they
wanted to work in, and the people they wanted to collaborate
with. Moreover, it was mentioned how the course gave them
the skills and confidence to pursue a career as a translational
professional. Alumni indicated how they would have liked to gain
this insight earlier on in their careers and addressed the need
for more education on translational research in graduate training
and PhD programs.

No learning outcomes were reported in the objects “technical-
instrumental processes” and “target group.” This is likely due
to the fact that this type of knowledge falls outside the
scope of the Eureka course, but rather is addressed during
prior (bio)medical training or PhD tracks. These objects focus
on discipline specific knowledge, while the participants of
the Eureka course represent a diverse and multidisciplinary
group.

A remarkable outcome was the number of alumni who
mentioned how the teaching style of the Eureka course had
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impacted their own teaching activities. For some alumni it had
influenced the way they were interacting with colleagues or
organized a research unit.

This study was not set up to compare the Eureka certificate
course with other graduate and postgraduate training programs
on translational research. Still, a number of differences can
be observed. Many of the shorter courses focus on technical
skill development, business management and leadership, or
knowledge on the translational spectrum without integrating
this knowledge with interdisciplinary skills development,
mentoring, and community building. For most of these
programs data regarding the long-term impact of these
courses for comparison are not (yet) available (10, 12, 13).
Other programs that do combine multiple components are
often master or postgraduate training programs of much
longer duration, varying in length from multiple weeks up
to 6 years. An example is the National Institutes of Health
(NIH) Clinical and Translational Science Award (CTSA)
mentored career development program (https://ncats.nih.
gov/training-education) that supports translational scientists
in the transition from mentored to independent research
funding (28).

Building a community of interdisciplinary translational
professionals, one of the goals of the Eureka institute, seems
to be the most challenging. Although most alumni were still
in contact with at least some alumni or faculty this has not
led to the formation of a structured network yet. As fostering
community to prevent isolation has often been described
as a necessity for translational scientists (29-31) this is an
aspect that can still be improved and may contribute to a
further increase in alumni’s ability to engage in translational
activities.

This study has a number of limitations. Although the use
of a questionnaire and interviews was deemed most suitable
to address our research questions, this may have led to a
response bias in favor of alumni who benefitted most from
their participation in the Eureka certificate course. Also, our
questionnaire and interviews focused on the perspectives of
the alumni. The outcomes of the course were not observed or
measured. Due to the explanatory nature of this study we do
however feel that this did not have substantial impact on our
results.

REFERENCES

1. Butler D. Crossing the valley of death. Nature (2008) 453:840-2.
doi: 10.1038/453840a

2. Roberts SE Fischhoff MA, Sakowski SA, Feldman EL. Clinician scientists
build bridges across valley of death. Acad Med. (2012) 87:266-70.
doi: 10.1097/ACM.0b013e3182446fa3

3. Macleod MR, Michie S, Roberts I, Dirnagl U, Chalmers I, Ioannidis JPA,
et al. Biomedical research: increasing value, reducing waste. Lancet (2014)
383:101-4. doi: 10.1016/S0140-6736(13)62329-6

4. ChalmersI, Bracken MB, Djulbegovic B, Garattini S, Grant J, Giilmezoglu AM,
et al. How to increase value and reduce waste when research priorities are set.
Lancet (2014) 383:156-65. doi: 10.1016/50140-6736(13)62229-1

CONCLUSION AND RECOMMENDATIONS

Current translational medicine needs translational professionals
with a broad set of knowledge and skills to help breaking down
the barriers between the different disciplines that are involved
in the translational pathway. Becoming such a translational
professional, however, is challenging due to the lack of training
programs, the current funding and reward systems, and the lack
of support for (especially early-career) translational professionals
in terms of start-up funding and dedicated time for research.
Although these systems are influenced by economical, political,
social and cultural factors (3) and are therefore not easily
changed, this study showed that education in translational
medicine can have a large impact on the careers of translational
professionals. Together with the conditions for change that have
been identified in this study this may enable young translational
professionals to succeed in their translational activities, and thus
help to close the gap between biomedical research and its clinical
application, and reduce the waste in research funding.

AUTHOR CONTRIBUTIONS

MW, BP, and NR designed the study and developed the
questionnaire and semi-structured interview guide. MW
analyzed the results together with a research assistant. MW wrote
the first draft of the paper, with extensive feedback from MvdS
and BP. All authors provided critical comments and revisions
and approved the final manuscript.

ACKNOWLEDGMENTS

The authors would like to thank prof. Olle ten Cate for his
help in the early stages of this study, the research assistant,
Sterre Ruitenburg, for her assistance with the coding of the
interviews, and the board and alumni from the Eureka Institute
for participating in this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2018.00298/full#supplementary-material

waste in the
(2009)

5. Chalmers I, Glasziou P. Avoidable
and reporting of research evidence.
doi: 10.1016/S0140-6736(09)60329-9

6. Albani S, Prakken B. The advancement of translational medicine—
from regional challenges to global solutions. Nat Med. (2009) 15:1006-9.
doi: 10.1038/nm0909-1006

7. Alberts B, Kirschner MW, Tilghman S, Varmus H. Rescuing US biomedical
research from its systemic flaws. Proc Natl Acad Sci USA. (2014) 111:5773-7.
doi: 10.1073/pnas.1404402111

8. Albani S, Colomb J, Prakken B. Translational medicine 2.0. Clin Pharmacol
Ther. (2010) 87:642-5. doi: 10.1038/clpt.2010.60

9. Jackson RD, Gabriel S, Pariser A, Feig P. Training the translational scientist.
Sci Transl Med. (2010) 2:63mr2. doi: 10.1126/scitranslmed.3001632

production

Lancet 374:86-9.

Frontiers in Medicine | www.frontiersin.org

November 2018 | Volume 5 | Article 298


https://ncats.nih.gov/training-education
https://ncats.nih.gov/training-education
https://www.frontiersin.org/articles/10.3389/fmed.2018.00298/full#supplementary-material
https://doi.org/10.1038/453840a
https://doi.org/10.1097/ACM.0b013e3182446fa3
https://doi.org/10.1016/S0140-6736(13)62329-6
https://doi.org/10.1016/S0140-6736(13)62229-1
https://doi.org/10.1016/S0140-6736(09)60329-9
https://doi.org/10.1038/nm0909-1006
https://doi.org/10.1073/pnas.1404402111
https://doi.org/10.1038/clpt.2010.60
https://doi.org/10.1126/scitranslmed.3001632
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Weggemans et al.

Preventing Translational Scientists From Extinction

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kurpinski K, Johnson T, Kumar S, Desai T, Li S. Mastering translational
medicine: interdisciplinary education for a new generation. Sci Transl Med.
(2014) 6:218fs2. doi: 10.1126/scitranslmed.3006858

DeLuca GC, Ovseiko PV, Buchan AM. Personalized medical education:
reappraising clinician-scientist training. Sci Transl Med. (2016) 8:321fs2.
doi: 10.1126/scitranslmed.aad0689

Hall AK, Mills SL, Lund PK. Clinician-investigator training and
the need to pilot new approaches to recruiting and retaining this
workforce. Acad Med. (2017) 92:1382-9. doi: 10.1097/ACM.0000000000
001859

Kosik RO, Tran DT, Fan APC, Mandell GA, Tarng DC, Hsu HS, et al.
Physician scientist training in the United States: a survey of the current
literature. Eval Health Prof. (2016) 39:3-20. doi: 10.1177/0163278714527290
Rosenblum ND. Report of the Task Force on Physician Scientist Education.
(2012).

Lockyer JM, Brzezina S, Thake J, Beck PL, Hollenberg MD, Hemmelgarn
BR, et al. Clinician Scientists in Canada: Supporting Innovations in Patient
Care through Research. Ottawa, ON (2014). Available online at: http://www.
healthcarecan.ca/wp- content/themes/camyno/assets/document/STILibrary/
2016/EN/Clinician-Scientist-is- Canada- White- paper_English.pdf
Pasterkamp G, Hoefer I, Prakken B. Lost in the citation valley. Nat Biotechnol.
(2016) 34:1016-8. doi: 10.1038/nbt.3691

Gordon R. The vanishing phycian scientist review. Account Res. (2012) 19:89-
113. doi: 10.1080/08989621.2012.660076

Schaap H, De Bruijn E, Van Der Schaaf MF, Kirschner PA. Students’
personal professional theories in competence-based vocational education:
the construction of personal knowledge through internalisation and
socialisation. ] Vocat Educ Train. (2009) 61:481-94. doi: 10.1080/13636820903
230999

Huijts PM, de Bruijn E, Schaap H. Revealing personal professional theories,
an explorative methodological study. Qual Quant. (2011) 45:783-800.
doi: 10.1007/s11135-010-9322-z

Markauskaite L, Goodyear P. The shapes taken by personal professional
knowledge. In: Epistemic Fluency and Professional Education Dordrecht:
Springer (2017). 71-101. doi: 10.1007/978-94-007-4369-4_4

Ivankova NV, Creswell JW, Stick SL. Using mixed-methods sequential
explanatory design: from theory to practice. Field Methods (2006) 18:3-20.
doi: 10.1177/1525822X05282260

Hsieh H-E Shannon SE. The use of flipped classrooms to stimulate students’
participation in an academic course in initial teacher education. Qual Health
Res. (2005) 15:1277-88. doi: 10.1177/1049732305276687

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bakkenes 1, JD, Wubbels T. Teacher learning the
context of educational innovation: learning activities and learning
outcomes of experienced teachers. Learn Instruct. (2010) 20:533-48.
doi: 10.1016/j.learninstruc.2009.09.001

Miles MB, Huberman AM. Qualitative Data Analysis: An Expanded
Sourcebook. Thousand Oaks, CA: Sage Publications (1994).

Poldner E, Simons PRJ, Wijngaards G, van der Schaaf MF. Quantitative
content analysis procedures to analyse students’ reflective essays: a
methodological review of psychometric and edumetric aspects. Educ Res Rev.
(2012) 7:19-37. doi: 10.1016/j.edurev.2011.11.002

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med. (2012)
22:276-82. doi: 10.11613/BM.2012.031

Benedictus R, Miedema F. Fewer numbers, better science. Nature (2016)
538:453-5. doi: 10.1038/538453a

Sweeney C, Schwartz LS, Toto R, Merchant C, Fair AS, Gabrilove
JL. to independence: characteristics and outcomes
of mentored career development (KL2) scholars at clinical and
translational science award institutions. Acad Med. (2017) 92:556-62.
doi: 10.1097/ACM.0000000000001473

Lingard L, Zhang P, Strong M, Steele M, Yoo J, Lewis J. Strategies
for supporting physician-scientists in faculty roles: a narrative review
with key informant consultations. Acad Med. (2017) 92:1421-18.
doi: 10.1097/ACM.0000000000001868

Salata RA, Geraci MW, Rockey DC, Blanchard M, Brown NJ, Cardinal L], et al.
U.S. physician-scientist workforce in the 21st century. Acad Med. (2017) 93:1.
doi: 10.1097/ACM.0000000000001950

Strong MJ, Busing N, Goosney DL, Harris KA, Horsley T, Kuzyk A, et al.
the rising challenge of training physician-scientists. Acad Med. (2017) XX:1.
doi: 10.1097/ACM.0000000000001857

Vermunt in

Transition

Conflict of Interest Statement: MW, MvdS and MK declare no conflict of interest.
BP, NR and JH are involved with the Eureka Institute for Translational Medicine
and have therefore not participated in either data collection or data analysis.

Copyright © 2018 Weggemans, van der Schaaf, Kluijtmans, Hafler, Rosenblum and
Prakken. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

10

November 2018 | Volume 5 | Article 298


https://doi.org/10.1126/scitranslmed.3006858
https://doi.org/10.1126/scitranslmed.aad0689
https://doi.org/10.1097/ACM.0000000000001859
https://doi.org/10.1177/0163278714527290
http://www.healthcarecan.ca/wp-content/themes/camyno/assets/document/STILibrary/2016/EN/Clinician-Scientist-is-Canada-White-paper_English.pdf
http://www.healthcarecan.ca/wp-content/themes/camyno/assets/document/STILibrary/2016/EN/Clinician-Scientist-is-Canada-White-paper_English.pdf
http://www.healthcarecan.ca/wp-content/themes/camyno/assets/document/STILibrary/2016/EN/Clinician-Scientist-is-Canada-White-paper_English.pdf
https://doi.org/10.1038/nbt.3691
https://doi.org/10.1080/08989621.2012.660076
https://doi.org/10.1080/13636820903230999
https://doi.org/10.1007/s11135-010-9322-z
https://doi.org/10.1007/978-94-007-4369-4_4
https://doi.org/10.1177/1525822X05282260
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1016/j.learninstruc.2009.09.001
https://doi.org/10.1016/j.edurev.2011.11.002
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.1038/538453a
https://doi.org/10.1097/ACM.0000000000001473
https://doi.org/10.1097/ACM.0000000000001868
https://doi.org/10.1097/ACM.0000000000001950
https://doi.org/10.1097/ACM.0000000000001857
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Preventing Translational Scientists From Extinction: The Long-Term Impact of a Personalized Training Program in Translational Medicine on the Careers of Translational Scientists
	Introduction
	Theoretical framework
	Methods
	Context
	Design
	Participants
	Instrumentation
	Data Collection
	Data Analysis

	Results
	Questionnaire
	Interviews
	Conditions for Change
	(Lack of) latitude to conduct translational research
	(Lack of) motivation to conduct translational research
	(Lack of) opportunities to network and/or collaborate
	(Lack of) research time and/or money
	(Lack of) supportive professional partners
	(Lack of) translational work environment
	(Lack of) personal characteristics
	(Lack of) training in how to engage in translational research activities
	(Lack of) supportive funding and reward system
	(Lack of) feasibility to conduct translational research

	Learning Outcomes
	Changes in knowledge and beliefs
	Vocational domain
	Organizations
	Social environment
	Personal development

	Intentions for practice
	Vocational domain
	Social environment

	Changes in practice
	Vocational domain
	Organizations
	Personal development

	Changes in emotions
	Vocational domain




	Discussion
	Conclusion and Recommendations
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


