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Abstract

This study analyzes the editorials $tienceand Nature published between 2000 and

2012 about careers in science. Of the total bodgoofiments, 8.8% dealt with science
careers. The editorials were manually classifiedtdpics and then mapped using the
VOSviewer. This revealed six easily distinguishalolesters: career conditions in

science, the attractiveness of science as a camneeit;based career policies, the effect of
research funding on careers, specific groups uaepersented in science, and mobility of
scientists. The paper summarizes the main thrushefarguments in these editorials.

There is strong agreement about the problems @nsfic careers, but less consensus on
the solutions to these problems. The paper alstoegwhether mapping on the basis of
automatically identified terms could have providstequate results, but concludes that

manual classification is needed.

Keywords: academic careers, scientific careers, classificatbibliometric mapping,

editorials

JEL classification: J21, J23, J24, J60, J70



Introduction
In science, quality is intimately connected to ihgenuity, creativity and persistence of

its practitioners. Therefore, a high-quality resbasystem has a vital need to attract and
retain the most talented scientists. In the paatsydifficulties in pursuing an academic
career have been noted by researchers, journaistisgovernments alike ("Researchers
in the European Research Area. One Profession,ijjlulCareers" 2003; Schiermeier
2004; "Bridges to Independence: Fostering the laddpnce of New Investigators in
Biomedical Research" 2005; Van Balen and Van dess@&laar 2007; Rice 2012; Zimmer
2012). Research into academic careers encompaasgessvissues: career determinants,
mobility, and gender, to name just a few (Levin &tdphan 1999; Timmers et al. 2010;
Ceci and Williams 2011; Jonkers 2011; Kaminski &wisler 2012). However, to our
knowledge no literature exists on which issuesdadamic careers are considered the
most important ones by main actors in academicecgelicy, i.e., opinion leaders in

science. In this study our aim was to answer thestjon.

To this end we analyzed the contents of editofrals ScienceandNature These are the

world’s most widely read and authoritative mult@inary scientific journalsScience

is a publication of the American Association of thévancement of Science, which is a
general-science learned society, wherbdigure is published by the British Nature
Publishing Group, an independent commercial pubtisin addition to research papers
“from all fields of science and from any sourcetighcemag.org, “General information
for authors”) and “from any area of science witkeajrpotential impact” (Nature.com,
“About Nature Publishing Group”fcienceandNature publish other sections of general

interest to scientists, e.g., news, book reviews| apinion pieces. The main opinion



pieces are editorial material written by the editor invited writers. The editorials of
Nature are written by unnamed editors, who are typic&8hD-holding scientists who
have pursued a career in science journalism andispuig. Conversely, editorials in
Sciencedisplay the name of the author, which is eithex #ditor-in-chief or a guest
writer. The editor-in-chief is a distinguished sitist who has taken up the job of editor-
in-chief of Scienceafter a long career in science. Guest writersuatmlly policy makers
in the field of science, including science ministe&r persons occupying comparable
posts. Thereby, analyzing the editorialsSafenceandNature gives a varied overview of
the opinion of different policy makers and opinil@aders in science. The high global
impact and visibility ofScienceand Nature not just in scientific research but also in
research and science policy, as well as the nattirthe editorial writers, virtually
guarantee that the content of the editorials dog¢snerely reflect the specific perspective
of practicing researchers, but also that of theldem of major scientific institutions,
science media and policy makers at both national mmernational levels (unlike
editorials from other scientific journals, whicmteto focus on scientific developments).
With this in mind, it seems fair to describe thét@thls as an authoritative indication of
the views of opinion leaders in the global sciemmenmunity. The editorials are
concerned with a range of current topics on thenbaty between science and policy
(Waaijer et al. 2010; Waaijer et al. 2011). Oves fgast decade, a significant number of
these editorials concerned careers in sciencesiBleng these particular editorials thus
provides information on the main concerns of thglebal science opinion leaders in the

field of research careers.



Data and methods

Data
Nature and Scienceeditorials published between January 2000 andaigr2012 were

collected in html format. ‘World View’ opinion pies fromNature which are written by
invited scientists and policy makers across thebgldpublished September 2010 —
January 2012) were also included in the samplsiseé they have a scope that is similar
to the editorials and are directed at the samergknedience as the editorialSature
also publishes columns and features on scientificears in a designated section
(“Naturejobs” from 2000 until September 2010 andafé€er” from September 2010
onwards). This section is connected to the serMaturejobs The columns and brief
essays in this section have not been includede shmey are clearly part of a special niche
rather than being directed at a general audiemctuding this niche would overstate the
relative importance of scientific careers in thakeditorialization ofNature The html

files were processed in such a way that only tdled body text remained.

We have selected the editorials concerning car@@ypon the basis of the occurrence of
terms considered to be indicative of this subjett Online Resource Table 1 for the
precise list of terms). The main goal was not tgsrany editorials concerning careers;
hence the terms used were quite broad. Using tatkad 326 editorials (out of a total of

2151) were selected.

Sensitivity analysis selection editorials
Below we will conclude that a substantial part loégte 326 editorials do not actually

concern careers, but are about completely diffesaebjects. Therefore, we determined

whether the selection of editorials according tonte occurring in the texts could have



benefited from the omittance of certain terms dyselection. This revealed that some
terms were redundant for selection (Online Resoliadde 2), but omitting them would
not have led to a smaller number of non-relevaitbgdls either. No other terms used for

selection could have been omitted without losirguant editorials.

Document map on the basis of manual classification
In order to analyze the contents of the editoritids, editorials were manually classified

by subject. The subject descriptions are shownaibld 1. Each editorial is described by
one or more subject names. In addition, the ext@mwhich scientific careers actually
were the subject of the 326 originally selectedceddils was determined. To this end, the
editorials were separated into three groups: s@iemareers as main subject, scientific
careers as one of multiple subjects, and scierd#reers not a subject. All editorials with
scientific careers as their subject or one of teabjects were selected, adding to a total
of 190 out of the original 326 editorials. A docurheénap, which shows the similarity
and dissimilarity of documents within a set, wagimaror this map a ‘co-subject’ matrix
was constructed. Thus, two editorials that are absamen’ and ‘minorities’ have a
higher number of subjects in common in the matranttwo editorials with ‘women’ and
‘mobility’, and ‘women’ and ‘salary’, as their swdgts, respectively. The clustering
method is a weighted variant of modularity-basedtering (Waltman et al. 2010). Using
the editorials’ subjects the similarities betwedrtaials were determined by calculating
the association strength measure (van Eck and \&alt@009). The VOS mapping
technique was then applied to the associationgtinerto yield a two-dimensional map of
the editorials (van Eck et al. 2010). Finally, ta-dimensional map of the clusters of

editorials was visualized using the VOSviewer (Eok and Waltman 2010).



Document map by automatically identified common terms
We also applied document mapping on the basistohaatic term identification, in order

to analyze whether this would approximate the elusty on the basis of manual
classification. The same technique as mentionedrealweas used, but in this case
mapping was based on common automatically idedtiferms instead of common
manually determined subjects. Terms in the editmgere identified by matching them

against the OpenNLP libranhttp://opennip.apache.ojg/which parses noun phrases

from texts. Then, the specificity of the terms wdstermined by calculating their
Kullbeck-Leibler distance (van Eck and Waltman 201Parameters (binary/full
counting, threshold of occurrences and percentdgaost specific terms) were varied

and the parameters yielding the best term map determined.

Results and discussion

Topics in academic career policy
The manual determination whether scientific caregese a subject in the selected

editorials showed that 113 editorials had acaderaieers as their main subject, 77 had
academic careers as one of several subjects, &hdid3ot have academic careers as
their subject. This means 5.3% of &kienceand Nature editorials were mainly

concerned with scientific careers, and that ano&&% had careers as one of several
subjects, the total share of editorials to deahvetientific careers thus amounting to

8.8%.

The manual classification showed that the edi®réiscussed many different topics
within the field of academic careers. Table 2 shbew frequently each topic occurred.

The most frequent topics were science policy (43, #obility (21.1%), attractiveness



(20.5%), career perspectives (16.8%), women (16.58)motion criteria (14.7%),

education (13.7%), and independence (10%). Howewere than one topic can be
discussed in one editorial, and some topics mightdrrelated. In order to obtain an
overview of all editorials at a glance, the docuterap on the basis of our manual
classification as described above was used toecltis¢ editorials into larger groups. The
constructed map distinguishes six different clisstevhich we will refer to as ‘main

groups’ (Fig. 1). In general, editorials at the esigf the map are only related content-
wise to other editorials in that area of the mapiclv means they are relatively specific in
their subject matter. On the other hand, editopalsitioned at the centre of the map have
topics in common with editorials from other mainogps as well. The map can be

examined in more detail atww.vosviewer.com/maps/careereditorials

The first and largest main group (in red) dealshweibnditionsfor careers in science.
Most opinion pieces in this group are concerneduabdack of career perspectives for
young scientists. Many editorials note that thisiation has led to longer postdoctoral
periods; consequently, the period until researcbanspursue their own research lines has
increased. This situation needs to change accotdimgultiple editorials, and initiatives
promoting early career independence are praisecheSeditorials also argue that the
increased period until independence is stiflingowative and creative research. Another
worry is that the current difficulties in acadenaiareers make science less attractive to
prospective entrants. However, a few editorialenffloothScienceandNature make the
case that faculty members and science as a whaget ractuallybenefitfrom a system
with a shortage of faculty positions, because iepee labor costs of a well-trained

workforce at a low level. Within the red main grothere also is a small number that



does not deal with career conditions as such, hilt scientific misconduct, and more
specifically with the causes of scientific miscondluAuthors of these editorials see the
competitive system of science (e.g., for fundingp@ntments, and tenure) as a factor

that may promote scientific misconduct.

The second main group of editorials (in pink) tsette attractivenessof science as a
career, especially as a future prospect. The easostrongly emphasize the need for
high-quality education, particularly in STEM field® stir up students’ enthusiasm for
science. A number of pieces applaud outreach tivég to the general public, which they
mark as good methods to increase interest in seiand show its benefits. Although this
group of editorials mainly deals with the attraetfiess of a careen science, a few
editorials actually recommend graduates with angidie background to make their
education and way of thinking useful to other feelahd pursue careers such areas as

education and policy.

The third main group of editorials (in yellow) fa®s onmeritbased career policies,
mainly dealing with the question which factors aharacteristics should be important in
hiring, promotion, and tenure processes. Quite mbmun are concerned with countries
where authors feel scientists are not promotecherbasis of their scientific credentials,
but rather on more diffuse grounds. Other editeraigue that scientists should not be
judged only on their research output in the formjaafrnal articles, but also on their
teaching excellence, writing books, or outreachh® general public. In relation to this
subject, one of the editorials questions the usewhal impact factors as a measure of
the scientific quality of papers, and argues thatytshould not be used for promotion

processes. This main group of editorials also mhetusome that address the increasingly



distrustful attitude towards science of (Americpaliticians, and the barriers for research
into ‘sensitive’ topics politicians have raised won-scientific grounds. They argue that

this development has damaged the careers of réseanvorking in these fields.

The fourth main group (in turquoise) covers theselffof researcfunding on scientific
careers. A number deal with how researchers’ oppiies for a career in science are
influenced by the amount of resources availablesearch. Priority setting and its effect
on careers are also important: editorials withirs throup discuss the effect of the
allocation of funding to specific subjects on trereers of the researchers working in
these fields and even more on the careers of timmteworking in these fields.
Furthermore, a few editorials discuss which typesesearch and consequently whose
careers should be supported. The prevailing opirgdhat ground-breaking, innovative
projects by young researchers should receive mamdirig, usually through personal
grants. Surprisingly, the sentiment that resoustesild be given to researchers that have
established themselves as excellent researcherexpasssed to a much smaller extent.
Nevertheless, the first editorial of the millenniimNatureadvocated block funding for
excellent researchers as a means to drive inn@vegsearch; without it, the author says,
the laser would never have been invented. Likenthé group on the attractiveness of
science as a career, the funding cluster also ioenta few editorials encouraging
scientists to take up careers in policy, emphagittie importance of having more people

with scientific backgrounds in policymaking.

The fifth main group (in green) is concerned vapecific groupsn science. Mainly, this
group deals with the lack of representation of womecial minorities, and disabled

persons in science. Over 80% of the editorials s tgroup touch upon the

1C



underrepresentation of women. The editorials doamy state the problem, but also
propose causes of the underrepresentation, likeudet towards women (often
subconscious) and gender bias in the promotioesysMany measures are put forward
to improve the position of women in science. A mgahaller number of editorials deal
with the position of minorities in science and meas to improve their number. A
remarkable case put forward in a few editorialSasith Africa, where a minority of the
general population (white people) actually form @janity in science, and the majority in
the general population are underrepresented imaei@and should be encouraged to

pursue a career in it.

The final main group (in dark blue) contains eddlts on themobility of scientists. The
prevailing opinion is that mobility between instiég, preferably internationally, should
be encouraged. A few editorials explicitly say sfiecountries should become more
attractive for foreign researchers (e.g., Franpajr§ Russia, Germany and Japan). Other
editorials call for unity in research systems amgeer structures among the different
countries of the EU. Furthermore, an important gatg of opinion pieces is concerned
with the international barriers put up by the USemfthe 9/11 attacks. Authors of
editorials feel these barriers to internationalestists are unjust and are actually
damaging American science, because the United sStaténcreasingly dependent on
foreign scientists to fill its PhD student and plost demand. Finally, the importance of

mobility for countries not at the scientific froigt highlighted: the scientific standard of

! A disproportionate number of editorials on womeséience (almost 1 in 5) are especially concerned
with the position of women scientists in Japane##orials on this subject only appeared\isture we
suspect the influence a single editor here.
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these countries can be improved through their 8sisrtraining in top science countries,

provided the scientists are eventually repatriated.

Our results show that the opinion leaders writidgagials often do not treat issues in
academic career policy as if they were isolatedctopy writing about only one issue.
Rather, they write about multiple connected issees., the lack of career perspectives
being especially pressing for PhD students anddpost and women and racial
minorities both being underrepresented groups iense etc. However, the map of the
editorials also shows that the main groups arepeotectly separated groups, but are
actually interlocked (Fig. 1). One example of tha#dr is that good education of students
and outreach to the public are considered to beitapt for the attractiveness of science,
and should also be rewarded in promotion proceddmsther example connects funding
to mobility: several editorials say that more furgishould be allocated to hiring foreign

scientists in countries with low international midki

Academic career systems vary considerably througti@iworld (Kreckel 2008). One
might expect that the main groups of topics idesdifivould therefore be nation-specific
or continent-specific. However, the key topics of onain groups were described as a
problem in countries across the globe. For exanaplack of career perspectives is felt in
the United States, Europe, and Asia alike. The tleatr science might not be sufficiently
attractive is present even in a developing coustigh as India, where policy makers feel
“banking, business, and information technology hia@eome immensely popular”’, more
so than science and engineering. A few topics withe main groups are more specific to
certain countries, however. The issue within thénnggoup of merit-based career policy

of political connections playing a more importaier than academic credentials is
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identified in former Soviet, Mediterranean, and akscountries, but not in Anglo-Saxon
countries. And not surprisingly, the issue of mibpibf scientists is described differently
in editorials depending on the perspective: thegestive of countries with a net influx
of scientists, and the perspective of countriesctviiiave scientists leaving and hoping
they will return to help improve the science systartheir native country.

Mapping by automatically identified terms

Manual classification is usually informative andreat, apart from occasional reading
errors or subjective decisions in assignment tojestfh The main drawback is its
laboriousness. In our case of 326 fairly shortddkis was not a major drawback, but
with a large body of literature it would have bedrherefore, it is worthwhile to
investigate whether similar results could have bagained with fully computerized data
processing techniques. Note that since we wantutoneated approach to emulate the
manual one, we must here map all 326 editoriatduding the ones that are not relevant
according to the manual procedure. To map the deatsrby common terms, we first
needed to automatically identify the most meanihtgdums in the documents. To this
end, term maps were constructed by varying paramétell counting/binary counting,
threshold for number of occurrences, and thresHoldrelevance). The best term
selection was obtained by full counting and a thoés of 10 occurrences, of which the
70% terms with the highest termhood were selecddirfe Resource Table 3). Although
this term identification was the best we could fitlte resulting term set still included
terms like ‘April’, ‘question’, ‘argument’, ‘conndion’, and ‘long way'. Terms that
clearly specify quantities or periods (e.g., ‘nqri@pril’, ‘day’) were removed from the

data set so as not to impair subsequent mappinglastring.
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Crosstabulation of the manual main groups with dbéomatic clustering showed that
there was only one case of a high concentratioa wlin group in a single cluster: the
sixth main group concerned with specific groupsb{€a3). In all other cases the

concentration of main groups in clusters was moalel or even negligible.

If, as in the present case, the association betwesrual and automatic clusters is low,
the automatic clustering cannot be used to analyzecontent of the body of text in
question. But if that body is too large to applyl fmanual classification, a sample will
have to be drawn. Of course, this means that thdtsewill have a certain variance due
to sampling errors. In that case, automatic clusgemay be a useful tool to reduce the
sampling variance. Provided theressmeassociation between automatic clusters and
manual groups, the automatic clustering can be @sed sampling framework with
different sampling fractions in each cluster, eegjyal absolute sample sizes per cluster.
This approach of a stratified sample reduces tmepbag variance compared to that
when a sample is drawn from the entire populatibrthere is no association, the
expected results of the stratified sample are #maesas those from a non-stratified
sample, but even a small association will alreahdIto a reduced sampling variance.
After automatic clustering, the strength of theoagstion can be tested by evaluating
whether the manual groups are overrepresentedenatitomatic clusters. Therefore,
employing automatic clustering as a sampling fraor&wor manual classification is a

useful approach for classifying a large body ofuduents.

Conclusion
We identified the main topics on scientific caregrdNature and Scienceeditorials as

being careerconditionswhile in academia, thattractivenesof science as a career to
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potential entrantsnerit-based career policies, the effect of resefunldingon scientists’
careersspecific groupaunderrepresented in science, and riability of scientists. The
opinions expressed in the editorials were fairlyanimous in the identification of
problems, e.g., a lack of career perspectivesdanyg researchers, underrepresentation of
specific groups in science, only output in the fasfresearch articles being rewarded
career-wise, and a lack of mobility of scientisi$ie proposed solutions to these
problems, however, did differ. Some were quite ightaforward (e.g., increased
allocation of funding to young researchers, to gpetields etc.) or non-controversial
(e.g., more attention for female applicants, cameentoring for postdocs, and scientists
becoming more involved in outreach to the genenablip). But some editorials
mentioned more controversial plans. Several editoicall for fewer PhD students to be
trained, and one even argued that the exampleeoB#ijing Genomics Institute, where
the PhD has been abolished, is one to watch. Angmomost editorials do agree on is

that more funding for research and academic positi® needed.

In this study we have shown what the main topicsagademic career policy are
according to opinion leaders in science. In furtkark, it might be interesting to
compare the results of this study to what scientis¢tmselves deem important influences
on their own academic careers, according to suoregs as are available. Similarly, an
interesting line of further research might be tonpare the issues addressed in the
scientific literature on human resource managerapedtcareers in science with the issues

identified by the editorial writers.
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Tables and figures

Table 1. Subject name descriptions

Human resource management in science
Career perspectives Perceived number of availaimbédr) academic positions

Promotion criteria Criteria on which researchees@omoted to a higher position

Mobility Extent to which researchers are willingdaaible to move between
countries, institutions etc.

Independence Ability to pursue own research ideas

Tenure Permanent academic position

Salary Remuneration of scientists

Attractiveness Extent to which a career in scieacgewed as desirable

PhD students Persons working to obtain a PhD wivelgnt academic degree

Postdocs Postdoctoral fellows (PhD graduates tifpioa a fixed-term contract)

Habilitation Second academic degree after PhD

Minorities Groups underrepresented in scienceifadiding women)

Women Position of women in science

Mentoring Advisory relationship between experienaad less experienced
researcher

Age Age-specific issues in science career policy

Retirement Policies concerning scientists’ retiratae

Creativity Ability to invent and pursue originalientific ideas

General policy and politics

Science policy Regulations that optimize sciendpuiufunding, organizational
structure etc.) in order to pursue policy goals
Priority setting Determination of relative valueretearch (fields, types of research,

types of researchers) and consequently where fgrafiould be
allocated (subfield of science policy)

Competitive Amount of competition needed to ledwe lhest researchers in the
recruitment system (subfield of science policy)

Politics Principles that inform government policy

Other

Peer review Self-regulation of scientific quality

Education (Science) teaching of students at adlle(primary school, secondary

school, college, university) and teaching of gehgualic
Scientific misconduct Violation of good researchgiices
NES Not elsewhere specified
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Table 2. Topics in scientific careers, as % of number editorials with keyword as

subject or one of subjects, divided by the total number of editorials

Topic % of total number of relevant editorials
Science polic 43.7
Mobility 21.1
Attractivenes 20.5
Career perspectiv 16.¢
Womer 16.c
Promotion criteri 14.7
Educatiol 13.7
Independenc 10.C
Minorities 8.4
Postdoc 7.€
Tenure 7.4
Competitive recruitme 6.€
PhD studen 5.€
Age 4.7
Salan 4.7
Scientific miscondu 4.7
Peer revie 4.z
Politics 3.7
Mentoring 3.2
Priority setting 3.z
Creativity 1.€
Habilitatior 1.1
Retiremer 1.1
NES 1.€
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Fig. 1. VOS map career-related editorials (career as rsabject or one of several
subjects) on the basis of manual classificationstelring by weighted modularity-based

clustering (size of circles represents number gikeds assigned to editorial)
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Table 3. Crosstabulation table clustering on the basis of automatic term identification and manual classification

% of automatia

Manual clustering

clusters
Automatic Career Attractiveness Merit-based | Research | Specific Mobility Non-relevant
clustering conditions| of science as acareer policies funding groups
career
1 7 9 7 14 9 24 30
2 24 2 15 2 1 2 54
3 8 3 3 14 3 0 69
4 10 26 13 5 13 10 23
5 0 0 0 0 82 5 14




