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Introduction

Many innovative medicines have their origins in our academic institutions, where
fundamental research by dedicated graduate students and post-doctoral fellows is
providing deep insights into complex diseases and rare genetic disorders. Translating such
inventiveness into solutions or products that change clinical practice or become
commercially viable is a complex process that requires dedicated teams of professionals to
move and test each solution along a Research & Development (R&D) pipeline. During the
last decade, we have seen tremendous growth in the Biotech/Medtech/Pharma industries,
as they begin to commercialize a broad range of biomedical products and advanced cellular
therapies. A key to the success of these new opportunities is a steady supply of talent, not
only working in research settings, but in each of the many steps along the translational
cycle (1). These include, among others, patenting, preclinical toxicology and safety studies,
clinical trial design and execution, synthesis and testing of new chemical entities/biologics,
quality control testing, regulatory assessment, market authorization and the many steps
associated with commercialization: marketing, sales, distribution, etc.

An open question is where will this talent come from. For many of these activities,
advanced science training and problem-solving skill sets acquired during graduate and
post-graduate studies are considered valuable talents in individuals who are seeking to
enter a biomedical career. Given the incredible opportunities in biomedicine, it seems
prudent to ask whether our academic institutions are adequately preparing biomedical
graduates for such careers. For example, do our graduates have a translational mindset,
are they thinking like entrepreneurs, do they understand their talents, are they seeking
new skill sets that will make them more attractive to future employers, are there proactive
career development programs dedicated to advanced biomedical graduates, and do they
actively help graduates explore new career opportunities? Based on previous studies, the
answer to these questions are less than clear and rather point to students having to find
their own way. One known contributor to this potential lack of readiness relates to the
culture of biomedical institutions which are rather focused on the acquisition of knowledge
for knowledge sake and the training of students towards careers in academia as research
scientist or faculty position (2)(3). Unfortunately, studies show that only 15-18% of student
graduating with a Ph.D. in the life sciences make it into tenure track positions (4)(5).
There is also a strong path dependence (6) in academia, which tends to lead talented
academics towards academic careers, despite the dearth of jobs (7). Such a situation might
suggest that many of our talented biomedically trained scientists are not well prepared of
careers outside of academia. Stated differently, what do academic institutions offer the
other ~85% of graduates who will not stay in academia? Moreover, as a community, are
we not missing out on an opportunity to foster the translation of new biomedical solutions
by helping this well-trained talent pool identify equally gratifying careers in government,
science policy making, product design, medtech & biotech industries or even founding a
startup? To explore these important issues, we developed a survey to take the pulse of
biomedical students in top academic institutions in Europe and the United States. Our
data suggest that students are much more realistic about their limited academic career
opportunities, yet yearn for a broader set of advisors and mentors to explore their career
options and ultimately identify rewarding jobs that would further the translation of
innovative medicines.
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Investigative Goal

The central question addressed in this study is how prepared are biomedical students for
career paths outside of academia and whether graduate programs (8) need to do more to
foster broader career perspectives (9) and entrepreneurial mindsets (10) (11). We thus
designed an international questionnaire to better understand the mindset and
experiences of biomedical students in career related matters, while guiding the creation
of proactive career development programs that meet the needs of the next generation of
biomedical scientists.

Methods

A literature review on www.pubmed.gov helped to capture the status quo of how
efficiently biomedical research is being translated as well as to understand how effective
career development programs within university settings are meeting the needs of young
biomedical students and future scientists. On this basis, the questionnaire “Career
development in Life Sciences” was developed. The impulse survey was refined with the
assistance of students in the Berlin “Career Development Initiative” (13), a grassroots
initiative established and run by biomedical and medical students as well as postdoctoral
fellows at the Einstein Center for Neurosciences in Berlin, Germany. Afterwards, the
questionnaire was revised and pretested in several interviews with professionals.

The online questionnaire was then built on www. questionpro.com. and sent out by E-Mail
to Master's and Ph.D. students, Postdocs or Alumni from the life sciences at institutions
across Europe, such Charité Universitidtsmedizin Berlin, Germany, the Karolinska
Institute, Sweden, the University of Oslo, Norway, Tel Aviv University, Israel and the
United States of America such as Stanford University. The questionnaire was also
published on https://www.science.hr. Responses were received over a period of nine
months from January 25th, 2018 to October 25th, 2018 from 314 participants (n=314). It
took on average 9 minutes to complete the survey. The mixed methods questionnaire
contained of 26 questions (See supplemental material), including quantitative and
qualitative answers (the latter with additional textboxes). All questions were in English
and for most multiple answers were possible. The participants were asked to add more
details if requested (“other’). All answers were listed in alphabetical order and, if suitable,
completed by alternative answer options like "uncertain'. The participation in the study
was completely voluntary.

Results

Profile

The questionnaire was completed by 314 respondents (n=314), of which 66% were female
(n=207) and 33% male (n=103), 1 respondent chose the option “diverse’ and for 3
respondents the data was missing (see Supplemental data S1- Q 19). 39% held a Master's
degree (n=121), 26% a Ph.D. n=82) and 11% a bachelor’s degree n=35). 2% (n=7) chose
the option “other” e.g. a diploma degree and were included in the Master’s group.
Information on the question of highest degree granted was lacking for 22% of respondence
(n=69) (see Supplemental data S1- Q18).

Respondents had diverse life science backgrounds, with training in: Biology (n=160),

Neurosciences (n=136), Biochemistry (n=124), Biotechnology (n=97) and Medical

Neurosciences (n=79). A minority also had training in Physiology, Bioinformatics,

Biophysics, Cognitive Sciences, Pharmacology, Medicine, Physics, Epidemiology,
2
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Humanities, Pharmacy and Veterinary Medicine (multiple answers possible) (see
Supplemental data S1- Q17).

Current Job Decisions

Seventy five percent of the respondents were currently at work in Academia (n=236). The
remainder (~25%) had jobs in industry (n=16), start-up (n=13), nonprofit organization
(n=11), medical sector n=8) or government (n=7) (Figure 1a; see also Supplemental data
S1-Q01). 54% of the respondents indicated, that their current job position was research
(n=54%) (Figure 1b; see also Supplemental data S1-Q02). 24% found their current job via
the newspaper / internet (n=74), or via their personal network (22%, n=68)(Figure 1c; see
also Supplemental data S1-Q03). Most replied that knowledge and/ or experience (n=232)
was crucial to getting a job, as well as soft skills (n=76) and an active network (n=70). Only
12% assessed certificates as important (n=39) for getting a job. Most responded that their
university career development offices had little or no impact on getting a job (Figure 1d;
see also Supplemental data S1-Q04).

Envisioned Career Paths

Forty seven percent of those surveyed (n=149) plan to explore career options after
graduation, followed by 20% who seek to get a high paid job (n=63). 16% plan to care for
family m=51) or do a Ph.D (n=51) and respectively 14% plan to invest in more education
(n=43). 12% are uncertain about their plans after graduation (n=37) (Figure 2a; see also
Supplemental data S1- Q05).

It can be seen, that overall 37% wanted to end up working in academia (n=117). 31%
planned to work in industry (n=98); here we found a significant difference between
respondents with job experience who want to follow an industrial career path (n=34) and
those, who without job experience (n= 64). The fraction who were uncertain about their
future work area were double for those without job experience (n=61), compared to those
who have job experience (n=31) (Figure 2b; see also Supplemental data S1-Q06). 71%
stated that that their current job was considered a direct (38%) (n=119) or indirect (33%)
(n=105) strategic step towards their dream job (Figure 2c; see also Supplemental data S1-
QO7).

Development of Job Skills

Fifty two percent responded that there was a career development office at their last
attended university (n=163), whereas 30% were uncertain about the existence of such a
department (n=95) and 18% stated that such support does not exist at all (n=56) (Figure
3a; see also Supplemental data S1-08). Only 24% replied that their career development
office supported building an alumni network (n=75). 17% answered their career
development office assisted them with soft skills (n=53) while 16% answered, it also
offered coaching (n=51) (Figure 3b; see also Supplemental data S1-09). 59% of the
respondents’ stated that their training prepared them for an ability to work under
pressure (n=184). 56% felt that their academic training increased their presentation skills
(n=177) and 54% their problem-solving skills (m=169) (Figure 3c; see also Supplemental
data S1-Q10).

Respondents estimated that the following additional training would have been useful in
their current position: 37% network skills (n=116), 26% research experience (n=82), 24%
soft skills m=76) and 24% working experience (n=67) (Figure 3d; see also Supplemental
data S1-Q11). 46% replied that work experience (n=146), 43% networking skills (n=134)
and 33% getting a Ph.D. (n=335) were critical to help them get their dream job (Figure 3e;
see also Supplemental data S1-Q12).
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Understanding the Mindset

We also asked the survey participants: “What is the goal of going to university in general?
93% replied, it was education (n=293), followed by 82% preparation for career (n=259),
23% transition to adulthood (n=73) and 13% entrepreneurial skills (n=41)(Figure 4a; see
also Supplemental data S1-Q13). 74% of the respondents answered that they received
more advice on academia careers (n=232), 18% in industry (n=57) and 14% in the medical
sector (n=44) (Figure 4b; see also Supplemental data S1-Q14). We also asked: “Do you
take the idea of translation into your personal job considerations? 46% replied yes (n=146),
while 24% estimate it as marginal (n=75) and 14% clearly stated no (n=45). 7% were not
familiar with the concept of translation (n=21) (Figure 4c; see also Supplemental data S1-

Q15).

Thirty nine percent were of the opinion that unawareness of options / lack or support
prevented them from following their ideal career path (n=122). 32% stated that they
focused their studies on one particular career direction (n=99). 19% had conflicting
interests with their employer (n=59), whereas 18% were of the opinion that personal or
family issues prevented them from reaching the ideal career (n=56) (Figure4d; see also
Supplemental data S1-Q16).
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Discussion

It has been recognized for some time that most (86%) students graduating with doctoral
degrees (PhD) in the biological sciences do not find a career within but outside academia
(2,3). In earlier studies, it was nonetheless reported that 52% were focused on pursuing
academic careers in 2017 (14). This number even increased in the meanwhile up to 56%
in 2019 (15). In our impulse survey, only 37% still wanted to end up working in academia,
indicating that this group from top biomedical universities/institutions were more realistic
about their job opportunities. This number was observed to decrease with growing work
experience. A similar effect has already been described by Roach and Sauermann in 2017
who claim, that PhD students lose interest in an academic career over the course of
graduate training (7).

Still, 74% of the surveyed life scientists received the most advice about pursuing a career
in academia. These data indicate that the mindset within academia is still oriented
towards training most students for academic careers, rather than preparing them for the
more likely scenario (86%), e.g. careers outside academia as has already been described in
Nature’s 2017 PhD Survey (14).

This disconnect is a potential contributor to the high level of frustration and insecurity
among students, as well as psychological issues (9). It also appears to ignore a core need
of graduate and postgraduate students for additional training in skill sets that are
essential to survive outside academia, including management (16) and digital proficiencies
(17). From an economic perspective, it is important to recognize that this very large pool
of highly trained life scientists represent a critical underutilized resource. This vital
resource could be used to support the growth and expansion of a booming medtech and
biotech industries, that are poised to take advantage of academic inventiveness and bring
new creative solutions to market. In this regard, it is crucial for academic institutions to
also see that they are a very important part in the translational ecosystem, which requires
closer partnership between pharmaceutical industries, government and life science
startups (18) (19). Clearly, if academia is to truly foster translation, it will need to embrace
the fact that most graduate students will have careers outside of academia and that they
should be better trained to meet these opportunities (16) .

The translation of academic research into therapies improving health and quality of life
for patients on a daily basis is a concept that resonates with 46% in our survey. Academic
institutions generating the foundation for such new therapies and promoting their
translation (20) should focus on career development (9), to support students in discovering
fruitful and successful career paths and thereby enhance translational activities for the
benefit of patients.

Many of the top universities across the globe are embracing programs that support
translational research and clinical activities as well as the patenting of innovative ideas
(Gehr and Garner 2016; others). Many also recognize that most of their students will not
stay in academia, yet appear slow to recognize that these highly trained life scientists are
well positioned to play active roles in industry and by doing so, support the translation of
innovative solutions to the market, hence to patients. As a result of universities lack of
support for students to migrate into industrial jobs, graduate students themselves often
have the impression that their training will lead necessarily to a job as a professor or
researcher running a lab. Our survey reveals that this mindset is changing and that many
students recognize the fact that there are few positions in academia. This is reflected in
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their top reasons for going to university, namely, 93% are there to get an outstanding
education, and 82% to get prepared for their future career. Thus, career development
programs and activities should be a center piece of all academic institutions.

Unfortunately, our survey also revealed that existing career development programs are
by far not fulfilling student’s needs, as 39% of the survey group claimed an unawareness
of options /lack or support prevented them from following their ideal career path. Clearly,
these students could benefit from forward thinking career development offices. Of note,
52% of the group was aware of the existence of a career development office at their
university, however, the services provided were very limited services, e.g. preparing a CV.
Consistent with this observation, most students felt that their career development office
did not have a positive impact on them getting a job. This contrasts with proactive
programs, such as the CDI in Berlin, that not only actively provides new training but
organizes events to place graduates in exciting new jobs. Exemplifying that student groups
can and should be part of their own career development solutions, by creating local student
led organizations to complement more traditional support from university run career
development offices. In doing so they increase their networking skills, explore career
options, speak with individuals with non-academic careers and obtain additional training
to increase their readiness for that dream job. These concepts are further emphasized by van
Dijk et al: “To allow talented scientists to develop an identity and career as a translational
scientist the current academic system needs to be reformed (21)”.
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Figure 1. Current Job Decisions
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Figure 1. Responses to questions related to making current job decisions in the life sciences. Bar graph of
data collected in question QO1 illustrating the percentages of total respondents working in different job
areas (multiple answers possible). b) Bar graphs of data collected in question Q02 representing the current
job distribution of respondents. ¢) Bar graph of data collected in question Q03 representing job search
strategies (multiple answers possible). d) Bar graph of data collected in question Q04, representing a self-
estimation in individual strength related to getting current jobs (multiple answers possible).
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Figure 2. Envisioned Career Paths
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Figure 2. Responses to questions related to individually envisioned career paths for life science students.
a) Bar graph of data collected in question Q05 representing the plans of individuals after graduation
(multiple answers possible). b) Bar graph of data collected in question Q06 representing envisioned career
areas of the respondents (multiple answers possible). ¢) Bar graph of data collected in question Q07
representing long term job strategies of the respondents (multiple answers possible).
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Figure 3. Development of Job Skills
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3d
(Q11) What additional formal training would have been useful to fulfill your
current job better in your opinion?
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3e
(Q12) What critical training would you still need to achieve this goal?
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Figure 3. Responses to questions related to developing job skill in the life sciences. a)Bar graph of data
collected in question QO08, reflecting the awareness of career development offices at attended universities
(one answer accepted) b) Bar graph of data collected in question Q09, reflecting the type of services/support
provided by those career development offices (multiple answers possible). ¢) Bar graph of data collected in
question Q10, representing the effect of academic training on the general development of specific job skills
(multiple answers possible). d) Bar graph of data collected in question Q11, representing the perceived
need for additional training that would have helped in their current jobs (multiple answers possible). e)
Bar graph of data collected in question Q12, representing the perceived need for additional training to
excel in a desired future job (multiple answers possible).
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Figure 4. Understanding the Mindset
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Figure 4. Responses to questions related to understanding the mindset of individual in the life sciences.
a) Bar graph of data collected in question Q13, representing the general goal of students attending
university (multiple answers possible). b) Bar graph of data collected in question Q14, representing the
types of career advice received while attending university (multiple answers possible). ¢) Bar graph of
data collected in question Q15, reflecting whether individuals considered the concept of translation of
biomedical inventiveness in the development of their personal job strategy (multiple answers possible). d)
Bar graph of data collected in question Q16, representing individual career barriers (multiple answers

possible).
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Supplemental data (S1)

1) Current Job Decisions
QO01. What is your current job area of employment?

-236 16 13 11 8 7 30 0

78 298 301 303 306 307 284 314

314 314 314 314 314 314 314 314

% 5% 4% 4% 3% 2% 10% 0%

Q02. What is your current job position (choose 1)?

6 5 4 3 3 2 2 2 2 1 1 1 28

169 7 6

100 O

145 307 308 308 309 310 311 311 312 312 312 312 313 313 313 286 215 314

314 314 314 314 314 314 314 314 314 314 314 314 314 314 314 314 315 314

54% 2% 2% 2% 2% 1% 1% 1% 1% 1% 1% 1% 0% 0% 0% 9% 32% 0%

Q03 How did you find your current job?

68 26 14 7 49 0 0

246 288 300 307 265 314 314 314

]
i~

Do
B~
o

w
=
'S

314 314 314 314 314 314 314 314

24% 22% 8% 4% 2% 16% 0% 0% 0%

14



Exploring Biomedical Career Readiness

Sinje Gehr and Craig Curtis Garner

Q04. What helped you to get the job in your opinion?
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2) Envisioned Career Paths
QO05. What are your plans after graduation?
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QO06. Where do you want to end up working?
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Travel / gap year
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QO07 Is your current job a strategic step to your dream job?
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ﬁNo
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3) Development of Job Skills
QO08. Is/Was there a career development office at your university (current or last

attende

d)?
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QO09. Does or did the career development office help you with any of the following?
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Q10. Does or did your training prepare you for any of the following job skills?
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Q11. What additional formal training would have been useful to fulfill your current job
better in your opinion?
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Q12. What critical training would you still need to achieve this goal?
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4) Understanding the Mindset
Q13. What is the goal of going to university in general in your opinion?
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Q14. During your studies, did you receive more advice on a career in...
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Q15. Do you take the idea of translation into your personal job consideration?
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Q16. In your opinion, is there anything that has prevented you from following your ideal

career path?
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Profile of survey participants
Q17. What disciplines have you studied (choose all appropriate)?
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