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Introduction: Ways to improve the quality of doctoral education are debated 
internationally. In Europe, the United States, and other countries, there have been 
policy initiatives to address these. One approach has been the implementation 
of so-called structured doctoral training programs (doctoral programs) including 
formal structures such as courses, supervision agreements, external examiners for 
grading the thesis. However, there is little known about how doctoral programs 
implement the debated structures. As a result, the question arises whether existing 
programs already address the challenges of doctoral education and implement 
policy demands.

Methods: In this study, we evaluated the structure of 82 life science doctoral 
programs in Germany in a document analysis and a survey of program experts. 
We focused on (1) interdisciplinary aspects and (2) the international orientation of 
these programs. We evaluated the (3) courses offered, (4) formal characteristics 
of supervision, and (5) examination regulations of the doctoral programs.

Results: The results showed that the doctoral programs already address these five 
aspects to some extent. However, there is variability as a function of institution 
and details of policy demand realizations are very heterogeneous. Some doctoral 
programs provide opportunities for interdisciplinary cooperation, but only few 
promote international orientation. Offered courses cover some relevant academic 
skills, but courses on, e.g., teaching, open access and public outreach are still 
rare. Structured regulations on supervision, e.g., through regular meetings and 
supervision agreements, are also rarely implemented. Lastly, most supervisors 
remain strongly involved in examining doctoral theses.

Discussion: We conclude that there is still a crucial need for improvement of 
doctoral programs through more extensive implementation of policy demands. 
We detail cross-national and -disciplinary practical implications for coordinators 
of doctoral programs.
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1. Introduction

Improving doctoral education is relevant internationally. 
Worldwide, there are different forms of doctoral education and a 
variety of supportive structures that are debated, as these may 
influence the varying quality and success of doctoral education 
(Gardner, 2010). In the United  States, policy makers demand 
improvement of heterogeneous conditions in doctoral education to 
enhance international competitiveness (Kehm, 2006; Schneijderberg, 
2018). Some institutions, such as the Carnegie Foundation and the 
Mellon Foundation have started initiatives (e.g., the ‘Carnegie 
Initiative on the Doctorate’; ‘Graduate Education Initiative’, 
respectively) with the goal of ultimately providing a stronger structure 
for doctoral programs (Nerad, 2008; Schneijderberg, 2018). In the 
humanities, the Mellon Foundation’s ‘Graduate Education Initiative’ 
is aimed at providing structures helping more doctoral candidates 
conduct their doctoral studies in brief time slots, while maintaining 
education of high quality, even when the number of candidates 
increases (Ehrenberg et al., 2010; Schneijderberg, 2018). To reach 
these goals, Ehrenberg et al. (2010) identified various strategies of the 
initiative for doctoral education (e.g., courses on research methods 
and attendance at them). So far, efforts in doctoral education mainly 
shaped the initial doctoral phase when doctoral candidates have 
completed courses. However, support for writing the doctoral thesis 
should be further improved in the United States (Ehrenberg et al., 
2010; Schneijderberg, 2018). Other countries, such as Russia and 
Japan, have taken steps to improve doctoral programs as well (e.g., 
Nerad and Heggelund, 2008; Maloshonok and Terentev, 2019). 
Programs in Russia have transitioned to a more formally structured 
doctoral education, similar to that in the United States. However, the 
Russian transition was merely on a formal level, resulting in, e.g., 
courses on topics already trained in bachelor and master courses 
(Maloshonok and Terentev, 2019). Furthermore, doctoral candidates 
in Russian doctoral programs were still mostly supervised only by one 
supervisor (Bekova and Terentev, 2020). In Australia, doctoral 
education is demanded to increasingly prepare doctoral candidates 
also for careers outside academia (e.g., in industry). Therefore, 
professional doctoral programs should be  further improved and 
introduced (McWilliam et al., 2002). Various efforts have been taken 
to improve doctoral education internationally, but it should be further 
improved. Issues in doctoral education are debated in many nations. 
Since doctoral education is embedded in national structures and 
traditions of higher education (Ambrasat and Tesch, 2017), it is 
necessary to investigate doctoral education within national conditions. 
To do so, we are focusing exemplarily on German doctoral education 
considering German conditions while also having international issues 
of doctoral education in mind.

In Germany, the lack of international competitiveness of doctoral 
graduation results from a varying quality of doctoral studies (e.g., 
GSHC, 2002). While an increasing number of students start a 
doctorate, there is a high drop-out rate (e.g., BuWiN, 2017, 88–92). 
Though, access to a doctorate seems to be already improved since an 
increasing number of qualified students can enter a doctorate. 
However, conditions during the doctorate seem to be still an issue—
indicated by the high number of drop-outs. Besides general issues of 
varying doctoral studies’ quality and lacking international 
competitiveness, there are subject-related issues in doctoral education. 
Especially in German life sciences including medicine, biology, and 

further natural sciences, quality and conditions of doctoral education 
are discussed widely. In medicine, the quality of doctoral education is 
often criticized for many medical doctoral candidates having already 
completed their doctorate before receiving their first medical degree. 
Consequently, the quality of many doctoral theses is not of high 
scientific standard, as some medical theses do not make an original 
contribution to research (GSC, 2011). In biology, issues in conditions 
for conducting doctoral studies are debated when biological doctoral 
candidates have to research in several short-time contracts while 
doctoral graduation in biology is expected for many employments 
outside academia (Hornbostel and Simon, 2010; Plasa, 2014). In 
general, policy initiatives require an improvement in German doctoral 
education (HRK, 2012; BuWiN, 2017). Nationwide implementation 
of structured doctoral training programs (doctoral programs) is a 
central approach to address and overcome hurdles of previous 
doctoral education (e.g., HRK, 2012).

Various studies on international and national level have investigated 
the structure of doctoral programs emphasizing the relevance of further 
improving doctoral education within these programs internationally (e.g., 
Ehrenberg et al., 2010; Schneijderberg, 2018; Maloshonok and Terentev, 
2019; Lachmann et al., 2020). In Germany, for example, several policy 
demands for improving doctoral education are still not yet implemented 
(e.g., Lachmann et al., 2020). Recent data on doctoral education in 
German doctoral programs is lacking although in certain fields, such as 
the life sciences, the majority of doctoral students is enrolled in doctoral 
programs (BuWiN, 2021). Therefore, this paper is aimed at closing the 
research gap on the current status of improving doctoral programs. Since 
the life sciences are pioneers in implementing doctoral programs, we will 
focus on this field.

In this study, we review the approaches of German life science 
doctoral programs and investigate to what extent these programs fulfil 
the recommendations and needs for improving doctoral education. 
Life sciences include branches of natural sciences such as biology, 
which center around understanding life, but also include applied 
research fields. Biology and medicine are the most prominent life-
sciences-fields regarding doctoral education as in both a doctoral 
graduation is considered as standard for entering a successful career 
(Hornbostel and Simon, 2010). Although the traditions of doctoral 
education differ quite a lot between biology and medicine, 
implementing doctoral programs is a means for improving doctoral 
education in all life science fields as it can address different issues at the 
same time. In medical fields, doctoral programs were specifically 
implemented to improve the often criticized scientific quality in 
doctoral studies to reach a level that is comparable to other life sciences 
fields, in addition to general issue of doctoral education, such as low 
quality supervision, found in many fields. Life science research is also 
often interdisciplinary and not tied to one specific subfield within the 
life sciences. Doctoral programs are often drivers for fostering 
interdisciplinary life science research. Given the general purpose of 
doctoral programs, i.e., structuring and formalizing doctoral education 
for aligning doctoral education on a high level (Ambrasat and Tesch, 
2017), and the interdisciplinarity of the life sciences (e.g., Hellweg et al., 
2017; Qin, 2017), this paper includes a variety of doctoral programs 
within the life sciences in Germany.We first present an overview of the 
German doctoral education system in the life sciences (section 2) as a 
basis for the following descriptions and analyses. Additionally, 
we  briefly describe intended improvements of doctoral education 
through the implementation of doctoral programs (section 3)—here, 
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we  both address an international perspective as well as a German 
perspective. We focus on five chosen aspects of doctoral education in 
such programs: interdisciplinarity (section 3.1), internationality 
(section 3.2), coursework (section 3.3), supervision (section 3.4), and 
examination (section 3.5). After specifying the research question 
(section 4), we describe our methods including sample, design, and 
analyses (section 5). Both results (section 6) and discussion sections 
(section 7) were divided in five subchapters discussing each chosen 
aspect of doctoral education each. Finally, we suggest some practical 
implications for future doctoral programs (section 8), debate 
limitations as well as future research (section 9), and end with a brief 
conclusion about implemented structure and formalization of doctoral 
education in life science doctoral programs (section 10).

2. The German doctoral education 
system in the life sciences

Before 1999, as was the case in several European countries, 
German doctoral candidates completed their doctoral studies in a 
traditional master-apprentice-model. Usually, one professor and 
occasionally one or more postdocs supported the candidate during 
their entire studies (Berning and Falk, 2006). There were some 
shortfalls in this model though, such as lacking quality control and 
formal learning opportunities, a dependence on the goodwill of the 
supervisor, and lacking competitiveness of German doctoral graduates 
(e.g., GSHC, 2002).

With the ‘Bologna-Declaration’ of 1999, the European higher 
education system drastically changed in order to become more 
competitive globally (The European Higher Education Area, 1999; 
Hauss et  al., 2012). Thereafter, doctoral programs have been 
implemented to address and overcome hurdles of the traditional 
master-apprentice-model in the most European countries (e.g., Sursock 
and Smidt, 2010; HRK, 2012). In the last decade, the number of 
German doctoral programs has increased (BuWiN, 2017). Currently, 
most German universities offer doctoral programs, as well as master-
apprentice-models, with various hybrid approaches in between. 
Consequently, the degree of structure during an individual candidates’ 
training cannot be  simply classified as that of a doctoral program 
versus the traditional master-apprentice-model (Martius et al., 2014; 
Lachmann et al., 2020). However, there is a clear shift away from the 
pure master-apprentice-model to doctoral programs and hybrid 
approaches (Schneijderberg, 2018; BuWiN, 2021), emphasizing the 
relevance of doctoral programs as structural approaches for doctoral 
education. Furthermore, the PhD as an international doctoral degree 
was introduced in Germany besides the existing classical German 
doctoral degrees (e.g., Dr. med.1 for medical graduates or Dr. rer. nat. 
for natural science graduates). In order, to facilitate the dissemination 
of results of this German sample to an international audience, 
we present a brief overview of the German higher education system in 
the life sciences. Life sciences as an interdisciplinary field brings 
together several research fields interested in understanding life, 
including medicine, dentistry, biology, chemistry, and a large number 

1 See Table  2A in the Appendix for an overview about the abbreviation 

meanings of German doctoral degrees.

of other natural sciences. At a typical German medical faculty, a state 
exam in medicine or dentistry qualifies students to start their doctorate; 
they will typically graduate with a Dr. med. (medicine) or Dr. med. 
dent. (dentistry) degree. At natural science faculties, in contrast, a 
master’s degree in biology, chemistry, and related fields qualify students 
to pursue a Dr. rer. nat. Furthermore, there are other specific doctoral 
degrees dedicated to specific fields, such as Dr. ing. for engineering, Dr. 
agr. for agricultural sciences or Dr. phil. for humanities and social 
sciences, which can be earned in their respective faculties. Since life 
sciences are an interdisciplinary field, students without a dedicated 
medical degree can also study for a doctorate in medical faculties, but 
will receive different forms of doctoral degrees (Dr. rer.  biol. hum., Dr. 
rer. medic., and Dr. nat. med.). Figure  1 gives an overview about 
doctoral degrees available in the life sciences in the German higher 
education system.

3. Intended improvement of doctoral 
education provided through doctoral 
programs

Doctoral programs are aimed at improving doctoral education 
through implementation of support structures for doctoral candidates. 
To understand whether policy recommendations for implementation 
of doctoral programs have been successful, we must first understand 
what kind of improvements in doctoral education are seen as 
necessary, in Germany and internationally.

There is a large body of literature on doctoral programs. Besides 
policy demands and suggestions on the improvement of doctoral 
education through implementation of doctoral programs (e.g., The 
European Higher Education Area, 1999; GSHC, 2002; HRK, 2012), 
there are essays on ideas for improvement (e.g., Marx et al., 2016) and 
literature reviews (e.g., Campbell et al., 2005; Vanstone et al., 2013; 
Bekova and Terentev, 2020). Furthermore, there is a variety of 
qualitative (e.g., interviews, case studies) and quantitative studies (e.g., 
document analyses, surveys) as well as studies using mixed methods in 
various national contexts (e.g., New Zealand, Hong Kong, England, 
among others) and in various disciplines (e.g., business, education, 
natural science, among others) (e.g., Kwan, 2010; Ward et al., 2011; 
Fenge, 2012; Borders et al., 2014; Ambrasat and Tesch, 2017; Kidman 
et al., 2017). Previous literature has focused on many issues of doctoral 
programs such as internationality (e.g., Jacob and Meek, 2013; Cutri, 
2019), interdisciplinarity (e.g., Qin, 2017; Doody, 2020), courses within 
a curriculum of doctoral programs (e.g., Card et al., 2016), supervision 
approaches (e.g., Kidman et al., 2017), examination processes (e.g., 
Nerad, 2008; Schneijderberg, 2018), requirements for access to doctoral 
programs (e.g., Enders, 2005), and organizational structures of different 
doctoral programs (e.g., Korff and Roman, 2013) as well as the duration 
of the doctorate and financial resources (e.g., Schneijderberg, 2018) and 
many more. Additionally, some papers describe the approach of specific 
doctoral programs [e.g., SpaceLife (Hellweg et al., 2017)]. Considering 
the vast number of relevant and important topics for the understanding 
of an improvement of doctoral education and following similar studies 
(e.g., Ambrasat and Tesch, 2017), we focus on five central aspects of 
doctoral programs to provide an adequate insight into the structure of 
doctoral programs and introduce them in the following sections: (1) 
interdisciplinary aspects, (2) international orientation, (3) courses 
offered, (4) supervision, and (5) examination in doctoral programs.
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3.1. Interdisciplinary aspects

Doctoral education should prepare candidates for several academic 
tasks. Among networking and collaborating (Kyvik, 2013), working in 
interdisciplinary cooperation is an important skill for scholars, although 
it can also be problematic (e.g., Enders, 2005; Manathunga et al., 2006). 
E.g., different research traditions or approaches can lead to conflicts 
between scholars. Previous studies indicated, there is still a need for 
improvement of interdisciplinary doctoral programs (Manathunga 
et al., 2006). Preparation of doctoral candidates for interdisciplinarity 
in research is internationally requested (Golde and Gallagher, 1999; 
Vanstone et al., 2013; Doody, 2020). In Germany, doctoral candidates 
valued already implemented interdisciplinary approaches (Enders, 
2005). But with further improvement of interdisciplinary learning, 
doctoral programs can provide learning opportunities through 
cooperation between different research fields. Fostering interdisciplinary 
approaches in doctoral programs is both an international (Nerad, 2008) 
and German demand for improving doctoral education (Enders, 2005).

3.2. International orientation

Lacking competitiveness of doctoral education in an increasingly 
globalized world is widely debated in Germany and internationally 
(Kehm, 2006; Nerad, 2008; Hauss et al., 2012; Schneijderberg, 2018). 
International experiences during doctoral studies can foster skills of 
international scientific networking and intercultural understanding 

(Jacob and Meek, 2013; Cutri, 2019). To address the lack of 
competitiveness, doctoral programs are aimed at making doctoral 
education more competitive through internationalization. For 
increased international orientation, doctoral programs should 
facilitate enrolling of international students to assist them in 
completing their doctorate abroad. Additionally, most of the courses 
offered should be in English regardless of the respective national 
language (e.g., Berning and Falk, 2006). It is already widely 
implemented that courses are in English and the thesis itself is 
written in English, too, due to international scientific research in 
English (Bernstein et al., 2014). However, courses in English are also 
debated when national languages as scientific language have its place 
in scientific discourses as well—e.g. at a national level (Ammon, 
2006; Meneghini and Packer, 2007). Terminology of the discipline 
in the national language is just as important as international terms 
in English—especially for an increasing number of doctoral 
graduates working in industry, business or other workplaces outside 
academia (e.g., Braun and Hadwiger, 2011; Germain-Alamartine 
et al., 2021). Given the extended purpose of doctoral programs to 
prepare candidates for both scientific and non-scientific careers 
(e.g., McWilliam et al., 2002; Berning and Falk, 2006; Nerad, 2008), 
the integration of courses in English as well as in the national 
language may be beneficial. Here, we focus on implemented courses 
in English as innovation and hint for internationality of doctoral 
programs. With courses in English and offers for international 
candidates, doctoral programs can prepare their doctoral candidates 
to succeed in competitive international science as well as in 

FIGURE 1

Overview of doctoral degrees available in the life sciences in the German higher education system. Previous studies and German doctoral degrees are 
categorized by degree-awarding faculty (special cases in doctoral degrees are written in grey).
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competitive contexts outside academia which have also become 
more international due to globalization.

3.3. Courses offered

The various structures and quality of doctoral education led to 
non-standardized outputs of doctoral education. Internationally, the 
implementation of course programs differs widely—e.g. in the U.S., 
there is a variety of courses offered and requirements for their 
attending by graduate students (Nerad, 2008), while in Russia, courses 
as structured learning opportunities involve both doctoral students 
and administrators (Maloshonok and Terentev, 2019). In Germany, 
opportunities for learning critical skills of independent scientific 
research during doctorates still range from informal to formal learning 
(Martius et al., 2014; Lachmann et al., 2020). Furthermore, German 
doctoral programs differ widely in offering different types and 
numbers of courses (Hauss et al., 2012).

In order to address this problem, there are international and 
German demands for more formal learning opportunities (courses, 
workshops, and the like) in doctoral programs (Ehrenberg et al., 2010; 
HRK, 2012). In general, learning in doctoral programs should 
embrace disciplinary, interdisciplinary, general scientific, and key 
competences as well as that for practice and employment outside of 
academia (e.g., Enders, 2005; Berning and Falk, 2006; Nerad, 2008; 
Ehrenberg et al., 2010). Nevertheless, qualifying doctoral candidates 
for independent scientific work should remain the central aim of 
doctoral education (GSC, 2011).

3.4. Supervision

Mentoring and supervision of doctoral candidates by a single 
supervisor led to dependence on goodwill and engagement of that person. 
This is discussed as a problem internationally (e.g., Al Makhamreh and 
Stockley, 2020) as well as in the master-apprentice-model in Germany 
(e.g., Schneijderberg, 2018). To address this issue, doctoral programs 
should provide several supervisors, besides mentors and committees for 
supporting doctoral candidates (e.g., Berning and Falk, 2006; GSC, 2011). 
Having several supervisors can reduce dependence of the candidate on a 
particular supervisor, strengthen opportunities for socializing as well as 
providing more support than only one supervisor can offer (Jones, 2013), 
owing to the increased area of expertise covered by several supervisors 
(Hauss et al., 2012). However, a large number of supervisors are associated 
with concerns on both sides and could negatively affect satisfaction with 
supervision owing to its increased complexity, stemming from different 
ways of solving academic problems, and a larger number of time-
consuming meetings (Hauss et  al., 2012; Olmes-López and 
Sunderland, 2017).

Also related to supervision, and identified internationally and in 
Germany, is how doctoral candidates serve as low paid researchers or 
as lecturers (Walker, 2008; Schneijderberg, 2018). Therefore, research 
on doctoral projects can often only take place outside of normal work 
hours. Doctoral programs are expected to solve this problem by 
introducing extensive supervision agreements that include obligations 
and rights of both doctoral candidates and supervisors, e.g., regular 
meetings to ensure quality of doctoral education (GSC, 2011).  
However, previous findings still identify a discrepancy between 

recommendations for and implementation of supervision agreements 
(Lachmann et al., 2020).

3.5. Examination

Lacking transparency and consistency in assessing doctoral 
theses is a crucial point discussed internationally (Jones, 2013), but 
also in German contexts: in Germany, the predominate mode of 
reviewing a thesis is that of supervisors evaluating the doctoral thesis 
and determining the grade (GSC, 2011). For example, at a faculty of 
biology at a German university, the supervisor as well as a second 
examiner review the doctoral thesis and suggest if the thesis should 
be accepted, revised or rejected as dissertation. In this step, they 
propose a grade. Afterwards, a commission of further researchers of 
the faculty read the thesis due to review these suggestions. They can 
recommend a different grade. Finally, the dean of the faculty set the 
grade based on the suggested grades (LMU, 2016). However, still 
mostly the main supervisor suggests the grade for the doctoral thesis 
and the other examiners suggest if this suggested grade is appropriate. 
Though, even when some other examiners are involved in reviewing 
a doctoral thesis, the main supervisor still prevails the examination 
process. This approach bears several risks for inconsistent assessment. 
When doctoral candidates do their research in their supervisor’s 
projects and have published papers with them, and if these are the 
basis for assessment, then supervisors evaluate their own research 
and supervision. This can lead to further conflicts of interest, e.g., 
supervisors may tend to evaluate a thesis as highly as possible to 
increase their own chances of raising further research funds. 
Doctoral programs may help to reduce these risks when more than 
one supervisor supports doctoral candidates during their studies and 
by having external examiners contribute to the evaluation of doctoral 
theses (Kehm, 2006). Doctoral programs may even exclude 
supervisors from the examination processes altogether (GSC, 2011).

4. Research question

The number of doctoral programs is generally increasing in 
Germany (BuWiN, 2017), and in the life sciences many students 
complete their doctoral studies enrolled in such programs (BuWiN, 
2021). There are many suggestions on how doctoral programs should 
provide clear and explicit structure to doctoral education, with the goal 
of increasing the efficiency and quality of doctoral studies (e.g., GSC, 
2011; HRK, 2012). However, implementation of structure in doctoral 
programs is still very heterogeneous—especially in the life sciences 
(Martius et al., 2014; Schneijderberg, 2018; Lachmann et al., 2020). 
There is already a lot of research on doctoral education in programs 
(see section 1.2). However, many studies analyzed data from surveys 
and only rarely document analyses (e.g., Kwan, 2010). Research on the 
current state of implementing published policies in life science doctoral 
programs is rare especially based on document analysis. Therefore, this 
study is aimed at investigating the following research question:

To what extent do regulations in German doctoral programs in 
the life sciences provide significant structure in

 1. interdisciplinary aspects,
 2. international orientation,
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 3. courses offered,
 4. supervision,
 5. and examination?

Here, we focus on the named five aspects because we want to take 
a closer look at these as examples as they provide a good profile of the 
programs’ structuring and formalization efforts.

5. Methods

5.1. Sample, design, and procedure

The sample consisted of 82 life science doctoral programs at 12 
German universities and investigated them using a document analysis. 
We  analyzed the content of official documents describing these 
programs and the overall regulations for life science doctoral 
education under which the programs operated at their universities. 
We  opted for document analysis as it is a non-reactive method 
(Schmidt, 2017) to obtain the implementation of the five aspects in the 
programs, and therefore more reliable than, e.g., working with 
potentially biased self-reports of survey participants.

Document data on the programs was collected as part of a large 
government-funded project on influencing factors on academic careers 
of graduates in the life sciences (project E-Prom). Within the general 
project, data collection focused on three large German regions (Bavaria, 
North-Rhine-Westphalia, and Saxony) and invited all universities and 
their life sciences doctoral graduates in these regions to participate in 
the project. The 82 programs which build our sample had at least one 
doctoral graduate who participated in the larger project. This means 
that the selected programs are a sample of many more life science 
programs in Germany. Since several cohorts of life science graduates 
were investigated in the project, our sample consists of 52 doctoral 
programs, for which data was collected and analyzed from 2014 until 
2015, and 30 doctoral programs, for which data collection and analysis 
took place between 2016 and 2018. In the process of data collection, 
we searched for documents about the doctoral programs that were 
available online. These documents include program descriptions, 
regulations, and curricula that were available as text on websites, in 
booklets, or as PDF-documents. During the second data collection 
process, we also looked for revised documents of doctoral programs 
analyzed in the first data collection. This document was then analyzed.

To validate the findings of the document analysis, we contacted 
experts of the respective doctoral programs (coordinators, spokesmen, 
and organizers) after both rounds of searching and analysis to check 
whether our results were correct.

5.2. Data analysis

The documents of the 82 doctoral programs were analyzed by 
qualitative content analysis (Mayring, 2015) in MAXQDA Plus 2018. 
We developed a categorial system of a number of topics but will focus 
here only on (1) interdisciplinary aspects, (2) international orientation 
of doctoral programs, (3) courses offered as well as (4) characteristics 
of supervision, and (5) examination of doctoral theses. For documents 
in the second round, we updated the category system slightly (adding 
categories on current topics, e.g., courses on public outreach).

To gauge (1) the interdisciplinary aspects, we coded the doctoral 
degrees that doctoral candidates can earn by enrolling in the doctoral 
program, and the faculty hosting the program. To analyze (2) the 
international orientation of the investigated doctoral programs, 
we coded whether international doctoral candidates can enroll, the 
number of courses taught in English, and collaboration with 
universities abroad. For investigating (3) the various courses offered, 
both courses on academic skills and courses on key qualifications 
beyond academic skills (such as career and personal development) 
were coded. For courses on academic skills, the main categories were 
‘networking and collaboration’, ‘research management’, ‘research’, 
‘publish research’ (Kyvik, 2013), and ‘teaching research’ (Boyer, 1990). 
For the second document search and analysis round from 2016 to 
2018, we added two subcategories of courses to the original coding 
scheme. Next, we coded conditions of (4) supervision, by coding for 
the number of supervisors supporting a doctoral candidate, the 
frequency of meetings between supervisors and supervisees, the 
availability of supervision agreements and their contents, the 
establishment of a thesis advisory committee (TAC), and support by 
further mentors. Regarding (5) the examination processes, we coded 
regulations on supervisors and external examiners as part of the 
examination committee.

To test the reliability of the document analysis on doctoral 
programs of the first search and analysis round, two coders 
independently coded 20% of the total dataset. Their analysis matched 
with a 91% consensus (rü = 0.91) and a Cohens-Kappa (Brennan and 
Prediger, 1981) of κ = 0.60—indications of good inter-rater reliability 
(Wirtz and Caspar, 2002). For the second search and analysis round, 
two coders independently analyzed 13% of the dataset of the third 
cohort with a consensus of 95% (rü = 0.95) and a Cohens-Kappa of 
κ = 0.86. These values indicate a high inter-rater reliability (Wirtz and 
Caspar, 2002).

To validate our analysis, we  asked experts (coordinators, 
spokesmen, and managers of the doctoral programs) to look at a ‘fact-
sheet’ that we created as a description of the program based on our 
categories and confirm or correct the results. In the first search and 
analysis round, we send out ‘fact-sheets’ to 74 experts and received 37 
replied. We revised the original documents in MAXQDA accordingly.

In the second data collection and analysis round, we asked 292 
experts to answer an online-survey regarding details of their program 
coinciding with the updated category system. After multiple requests, 
experts of 17 programs replied (59% response rate). Using 13% of the 
total dataset for the second search and analysis round, we compared 
the results of the document analysis with results of the expert 
evaluation and found a consensus of 95%. The document analysis 
results were revised according to the experts’ answers.

When surveying the experts of the doctoral programs in the 
second round, we additionally asked open-ended questions on further 
topics of doctoral education in order to learn about the programs’ 
approaches for moving improvement beyond the analysis of the 
documents. The answers were categorized and exemplary results are 
presented in the results section.

2 We excluded one doctoral program from the validation because we could 

not find any information on that program in the Internet at the time point of 

validation.
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6. Results

We present our results on doctoral programs that stated that they 
included specific characteristics regarding (1) interdisciplinary 
aspects, (2) international orientation, (3) courses offered, (4) 
supervision, and (5) examination.

6.1. Interdisciplinary aspects

To investigate opportunities for interdisciplinary collaborations, 
we classified doctoral programs of our study into four categories as a 
function of subject area (cp. Figure 2), of the doctoral degrees, and 
the faculty hosting the program (medical faculty or faculty of natural 
science). First, we  identified pure medical programs (5%) in our 
dataset: students of medicine or dentistry do their doctorate at a 
medical faculty with the aim of gaining doctoral degrees of medicine 
(Dr. med. or Dr. med. dent.). Second, we classified medical programs 
with students of other subjects (10%). Here, medical students and 
students of other fields (e.g., biology, psychology, and others) 
completed their doctorate at a medical faculty. Students of other fields 
in these doctoral programs gained their doctorate at a foreign faculty 
and can obtain special cases of doctoral degrees (cp. Figure 1). Third, 
there were pure natural science programs (44%)—doctoral candidates 
of natural sciences (e.g., biology, chemistry, and others) who 
completed their doctoral studies at natural science faculties. Fourth, 
we identified medical and natural science programs (16%) located 
both at medical faculties and faculties of natural science. Here, 
physicians and natural scientists earned medical (Dr. med., Dr. med. 
dent.) or natural science doctoral degrees (Dr. rer. nat.).

Our data indicate that natural scientists and physicians are 
working together in 26% of doctoral programs—summarizing 
programs for medical students and students of other subjects (10%) 
and medical and natural science programs (16%).

6.2. International orientation

In the investigated programs 51% indicated that international 
students can enroll, 45% offered courses in English, and 21% 
cooperated with universities from abroad. Figure  3 presents an 
overview of the range of doctoral degrees that can be earned in the 
investigated doctoral programs. Most of the programs awarded the 
German degree of Dr. rer. nat. (61%), while only 22% of the programs 
offered the international PhD; 26% of the doctoral programs did not 
detail which degrees doctoral candidates could acquire.

6.3. Courses offered

6.3.1. Academic skills
Table  1 presents an overview about courses offered on five 

academic skills.
87% (71 of 82) of doctoral programs reported offering 

opportunities for training ‘networking and collaboration’. For this 
category, we coded the following courses: colloquia for doctoral 
candidates, program retreats, meetings, symposia and conferences 
of the program, summer schools and workshops for doctoral 
candidates as well as explicit fostering of networking activities. 
85% (70 of 82) of doctoral programs offered courses on ‘research’ 

FIGURE 2

Distribution of doctoral programs as a function of subject area and faculty (as percentage).
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including subject-specific courses and methodological courses. 
70% (57 of 82) of doctoral programs attempted to increase 
students’ ability to ‘publish research’ by offering courses on 
writing skills, scientific communication, public outreach, open 
access and language. However, it should be  noted that 
subcategories ‘open access’ and ‘public outreach’ were only 
analyzed in 30 programs of the second search and analysis round, 
with the updated category system. 13% (4 of 30) described 
offering courses on publishing open access and 40% (12 of 30) of 
programs offered courses on public outreach. 54% (44 of 82) of 
doctoral programs indicated courses on ‘research management’ 
(e.g., project management, good scientific practice, research 
funding, and legal basics, research, and ethics). Research funding 
was considered in 18% (15 of 82) of programs while 20% (6 of 30) 

of doctoral programs were found to offer courses on how to teach 
students about research results (‘teaching ability’). The last one 
was analyzed in only 30 programs of the second search and 
analysis round.

6.3.2. Key qualifications
Key qualifications include opportunities for career development 

and for personal development. Overall, 52% (43 of 82) of programs 
included courses (28% (23 of 82)) and events (29% (24 of 82)) on 
career development, courses on planning academic and non-academic 
career paths (35% (29 of 82)), and offers on application training (22% 
(18 of 82)). Courses on personal development (34% (28 of 82)) were 
on leadership and personal management as well as on conflict 
management and negotiating.

FIGURE 3

Overview of different types of doctoral degrees that can be earned in doctoral programs (as percentage). Doctoral degrees for non-medical candidates 
is an abbreviation for doctoral degrees that can be earned at medical faculties by non-medically qualified candidates who do not want to do a PhD.

TABLE 1 Numbers of courses on academic skills that doctoral programs of this study are providing (total numbers, number of investigated programs as 
reference, percentage).

Academic skill Total number Reference Percentage

Networking and collaboration 71 82 87

Research 70 82 85

Publishing research 57 82 70

Research management 44 82 54

Teaching research 6 30 20
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6.4. Supervision

Almost half of doctoral programs supported their doctoral 
candidates with two (21%) or three or more supervisors (35%). 33% 
of them offered one supervisor per doctoral candidate. The remaining 
programs did not specify the number of supervisors for doctoral 
candidates (11%).

Figure  4 presents the stated frequency of meetings between 
doctoral candidates and their supervisor(s). It is notable, that most of 
the programs reported a frequency of once a year (41%). 55% of 
programs did not explicitly set a meeting frequency in their online 
presentation or did not discuss a meeting frequency at all 
(not specified).

43% of doctoral programs supported TAC supervision 
processes. Program experts specified the following exercises for 
their committees:

 • Support of project planning
 • Reflection and discussion about projects
 • Controlling successful progress and quality of doctoral studies
 • Examination of necessary qualification of doctoral candidates
 • Support of networking
 • Mediation in conflicts between supervisees and supervisors, 

mentors, colleagues, and others
 • Advice about career planning and personal development

26% of doctoral programs stated that they provide additional 
support during doctoral studies through mentors.

39% of doctoral programs reported using a supervision 
agreement between doctoral candidates and their supervisors. 
Figure  5 provides an overview of the contents of typical 
supervision agreements.

The results of our analysis show that many doctoral programs 
demanded for regularly occurring meetings (72%), reports of 
supervisees to their supervisors (69%) in addition to the 
defined rights and obligations of both supervisees (44%) and 
supervisors (50%).

6.5. Examination

76% of doctoral programs indicated that supervisors examined 
doctoral theses. The experts provided several arguments for integrating 
supervisors in the examination processes: e.g. they told us, that 
supervisors’ expertise of the subject as well as their knowledge on the 
progress of doctoral research are relevant factors for successful evaluation.

One doctoral program reported this interesting compromise:

“The supervisor of the doctoral thesis submits their opinion to 
contextualize the thesis within the experiences that were made 
during the project execution. In this way, any special 
circumstances regarding a project situation can be  taken into 
account, without the dissertation being graded. The thesis and the 
comment will be forwarded to the external reviewers, who in turn 
will assess the thesis independently of one another. In the process 
of assessment, they will take the comment in consideration at 
their own discretion.”3

16% of doctoral programs stated integration of independent 
external examiners in evaluation processes.

3 Translated from German by the authors.

FIGURE 4

Stated frequency of meetings between supervisors and supervisees (as percentage).
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7. Discussion

Doctoral programs are aimed at structuring doctoral education in 
order to assure the high quality of doctoral studies and protect 
doctoral candidates during their doctorate from potential pitfalls. To 
understand what structure life science doctoral programs actually 
provide, we  analyzed documents related to them. Furthermore, 
we investigated further details on supervision and examination of 
doctoral programs of the second search and analysis round with open-
ended questions in surveying the experts. In the following sections 
we discuss results of this study separately for each aspect.

7.1. Interdisciplinary aspects

Preparation for interdisciplinary research is an important 
requirement for improving doctoral education (Kehm, 2006). 
Especially in the life sciences, interdisciplinary research is of great 
importance (Hellweg et al., 2017; Qin, 2017; Doody, 2020). One-third 
of doctoral programs in this study provided cooperation between 
medical researchers, natural scientists, and other researchers (cp. 
Figure 2) comparable to other doctoral programs in the life sciences 
like, e.g., the SpaceLife program researching on interdisciplinary 
topics of health issues during spaceflights (Hellweg et  al., 2017). 
Hosting doctoral programs for non-medical doctoral candidates at a 
medical faculty (one tenth of all programs studied) comes with a risk 
and an opportunity: in the worst-case scenario, students of 
non-medical fields (e.g., biologists, psychologists, educators, and 
others) who had been working for their whole academic career at 
medical faculties, in the end could not get the clinical professoriate 

because of their ‘inappropriate’ (under)graduate studies. On the other 
hand, there are leading academic positions for non-physicians in 
academic medicine (e.g., pre-clinical professoriates). Furthermore, a 
major part of research activities at medical faculties is interdisciplinary 
and heavily involves natural and social scientists.

Graduates of doctoral programs hosted simultaneously at a 
medical and a natural science faculty (one sixth of the programs) did 
not risk a potential problem in career paths, as both medical and 
natural science faculties remained open to them. However, most 
doctoral programs in this study were in the natural sciences (more 
than two fifths), which probably provides career opportunities for 
natural scientists of various disciplines (e.g., biology, chemistry, 
biochemistry, engineers) who are also doing interdisciplinary 
research. Interdisciplinary cooperation in the life sciences will more 
likely proceed in the cases associated with such opportunities as 
preparation for collaborating research (Kyvik, 2013) and developing 
important skills in interdisciplinary cooperation (Manathunga et al., 
2006). Such opportunities in interdisciplinary doctoral programs 
allow preparing doctoral candidates for interdisciplinary research 
which becomes more and more important—especially in the life 
sciences. Preparing junior researchers in interdisciplinary researching 
is necessary because research in cooperation with different fields may 
salvage various difficulties (e.g., in interdisciplinary writing, when 
different writing traditions and writing genres meet (Doody, 2020)). 
Other research fields also offer interdisciplinary programs for doctoral 
studies. For example, the ‘Freie Universität of Berlin’ in Germany 
offers such in political science and sociology (e.g., ‘Graduate School 
of North American Studies’ combining politics, sociology, literature, 
economics, culture and history) (Schneijderberg, 2018; Freie 
Universität Berlin. Graduate School of North American Studies  

FIGURE 5

Overview of typical contents of supervision agreements (as percentage). Percentage refers to the 32 doctoral programs that reported using supervision 
agreements.
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(GSNAS), 2022). These programs allow a new structure of doctoral 
studies centered on specific socially relevant topics in several research 
fields: life sciences, sociology and political science among others. This 
development in doctoral programs now meets suggestions on long 
requested advancements in doctoral education (Golde and Gallagher, 
1999). In the life sciences especially, the increased shift to 
interdisciplinary approaches in doctoral studies considers the 
complexity of currently relevant problems (e.g., developing vaccines 
to handle the COVID-19 pandemic from medical, biological, and 
medical ethical perspectives).

7.2. International orientation

International orientation in doctoral education should provide 
competitiveness of doctoral candidates in a globalized world (e.g., 
Berning and Falk, 2006). For the doctoral programs in the study, only 
a quarter offered a PhD,4 a half accepted international students to 
complete their studies, a half offered courses in English, but less than 
a fifth indicated cooperating with universities from abroad. Our 
findings suggest, that German life science doctoral programs are not 
having enough international outreach, which is needed to improve 
required competitiveness. This finding is consistent with previous 
findings in Germany. In Bavaria of Germany, the number of doctoral 
candidates completing their doctoral studies in internationally 
orientated doctoral programs is low (Schneijderberg, 2018). However, 
it should be noted that our investigation’s perspective differed from 
that of Schneijderberg (2018). We investigated the stated structure of 
programs in the life sciences focusing on the international aspects but 
not the numbers of doctoral candidates. Whereas, Schneijderberg 
(2018) evaluated the number of doctoral candidates participating in 
internationally orientated doctoral programs. Nevertheless, the 
impression arises that doctoral programs in Germany are not as 
internationally oriented as policy demands would suggest.

7.3. Courses offered

The main benefits of doctoral programs are higher levels of formal 
learning in courses, and preparation of doctoral candidates for both 
academic and non-academic careers (e.g., Berning and Falk, 2006). 
Previously, most PhD holders declare that courses during doctoral 
training were little helpful both in- and outside academia (Kyvik and 
Olsen, 2012). However, our findings on five academic skills—
networking and collaboration, research management, researching, 
publishing research and teaching research (Boyer, 1990; Kyvik, 
2013)—suggest that there is still a need for extending courses offered. 
As recommended by Nerad (2008), more than three quarters of 
doctoral programs state to already train their students in ‘networking 
and collaboration’. Our results that many life science doctoral 

4 Doctoral graduation with a PhD as doctoral degree is an advantage in the 

international scientific context because it is internationally recognized. Though, 

researchers from abroad (e.g., in the United States) can assess the scientific 

effort made by a life science doctoral graduate with a PhD better than the 

scientific effort of a life scientist with a German degree (e.g., Dr. rer. nat.).

programs implement learning opportunities on ‘research’ activities, 
‘publishing research’ and ‘research management’ are in line with 
previous research on doctoral programs (Kwan, 2010; Borders et al., 
2014; Buss, 2020). Our results show that, especially in the life sciences, 
courses in doctoral programs still focus on research-related topics like 
previous studies already emphasized (e.g., German life science 
doctoral programs focus on research methods and tools (Qin, 2017)). 
Many offers in research management including courses on law issues 
in research as well as on research funding as found in our study 
support previous empirical evidence for a beginning core curriculum 
in higher education doctoral programs (Card et al., 2016) and shows 
that some structuring aspects of doctoral programs are not 
subject-related.

Interestingly, only a few doctoral programs considered skills in 
publishing open access and public outreach, although these are both 
new important aspects of researching (Creaser, 2010). We  also 
observed a lack of training on research funding (only one fifth of the 
programs offered relevant courses), which can lead to problems in 
future academic career paths. Without such funding, it is impossible 
to become an independent scholar. In Germany, many doctoral 
candidates are involved in teaching. Previously, structured training of 
teaching skills is often neither conducted in doctoral education nor by 
the university itself independently from doctoral studies. However, 
there are already efforts in Germany by many universities to offer 
voluntary courses to improve teaching and teaching skills of scientists 
regardless of scientific status [e.g., LMU. PROFiL: Professionell in der 
Lehre, 2023]. Nevertheless, explicitly promoting teaching competences 
in doctoral programs is supplementary demanded internationally 
(e.g., Nerad, 2008; Marx et al., 2016). Although, teaching is a central 
part of the scholarly profession (Boyer, 1990), only a few doctoral 
programs reported that they provide courses on how to teach (one 
fifth). This is consistent with previous international critiques on 
doctoral education that lack teaching skills (Wolyniak, 2003; Nerad, 
2008; Jones, 2013; Schneijderberg, 2018).

Besides purely academic skills, we analyzed training in the key 
qualifications relevant for both academic and non-academic career 
paths. Courses on personal development and career development were 
both lacking. Only a third of doctoral programs informed doctoral 
candidates about career paths outside of academia, although lacking 
preparation for careers outside of academia had been criticized on 
doctoral education in Germany and internationally (e.g., Enders, 
2005; Nerad, 2008; Schneijderberg, 2018). A shift from focusing solely 
on research during doctoral studies to integration of questions on 
career progress had been supposed for a long time [e.g., in natural 
science doctoral education in the United  States (Campbell et  al., 
2005)]. Overall, German life science doctoral programs still implement 
courses on relevant up-to-date academic skills (on publishing open 
access and on public outreach) and key qualifications all too rarely 
(see section 5.3) despite career paths in the life sciences have become 
more diverse [e.g., careers in academia besides careers in education, 
industry, business, as well as in law are possible (Wolyniak, 2003)].

7.4. Supervision

Doctoral programs should improve potentially problematic 
supervision of doctoral candidates with an increased number of 
supervisors (e.g., Berning and Falk, 2006). Previous studies provided 
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evidence, that group supervision and peer learning may enrich 
learning during the doctorate as well as identity development 
processes (Fenge, 2012). However, one third of doctoral programs 
stated there was only one supervisor. Our findings match results of a 
previous study at Bavarian universities showing that mostly one 
supervisor will guide each doctoral candidate—as is the case in the 
traditional master-apprentice-model and doctoral programs 
(Schneijderberg, 2018). In life sciences, compared with other subjects, 
professors do not usually supervise doctoral students by themselves; 
e.g. only one third of medical professors indicate supervising their 
doctoral candidates solely by themselves (Berning and Falk, 2006). 
Consequently, our findings are similar to those of previous studies in 
Germany. However, it is important to note that the results of a survey 
of professors presented by Berning and Falk (2006) did not solely refer 
to doctoral studies in doctoral programs, but included doctoral studies 
in the traditional master-apprentice model as well. It is noteworthy 
that doctoral programs in the life sciences seem not to provide more 
significant formal structure in supervision through an increased 
number of supervisors than the master-apprentice-model, despite the 
policy demands for this.

Regularly meetings between supervisors and doctoral candidates 
should improve doctoral education (GSC, 2011). However, half of 
doctoral programs in this study did not define the frequency of 
meetings. When regularly meetings were specified, most of the 
programs stated only one per year, which is too rare for discussing 
relevant aspects of doctoral studies (e.g., defining a topic, preparing 
and conducting data collection, analyzing data, writing scientific 
articles). Our findings are not in agreement with findings on meeting 
frequencies in Germany independent from the form of doctoral 
studies when most doctoral candidates meet their supervisors several 
times a semester (BuWiN, 2021). In Germany, professors will indicate 
their agreement to supervise their doctoral candidates in frequent 
one-to-one meetings, colloquia or other forms of advisory offers 
(Berning and Falk, 2006; Schneijderberg, 2018). Here, our results 
seem to be field-specific. Additionally, it is conspicuous that doctoral 
programs do not provide extensive formal structures for frequent 
meetings with supervisors. We  assume that the knowledge about 
optimal supervision of doctoral candidates via regular meetings has 
already passed into everyday practice of supervising doctoral 
candidates as some experts of the investigated doctoral programs 
confirmed. One expert stated that supervision still depends on the 
goodwill and motivation of the supervisors while increasing 
transparency in supervision through formalized procedures foster 
awareness for more accurate planning of doctoral studies in most 
supervisors. If this is so, the need for doctoral programs to include 
formal regular meetings would not to be urgent. It should be noted 
that there are still cases where doctoral students are not able to have 
such regular one-on-one meetings or the like (Berning and Falk, 2006; 
Schneijderberg, 2018). Therefore, despite apparent general knowledge 
about the relevance of regular meetings with doctoral students, they 
should be formally specified, so that each doctoral student is well 
guided in the process of their doctoral studies.

The program experts expected the committees (TAC) to support 
doctoral education through discussions with the candidates, 
sustaining a form of quality control for doctorates just as 
recommended (GSC, 2011). However, not even half of the programs 
provided a TAC. This result does not match exactly previous results. 
Qin (2017) found that the investigated doctoral programs introduced 

TAC for controlling quality in doctoral studies and enables supervision 
of doctoral candidates through multiple supervisors from different 
fields. With TAC, interdisciplinarity of life science research had been 
facilitated (Qin, 2017). Differences in the results of Qin’s and our study 
may be caused by different methodological approaches. While Qin’s 
results are based on qualitative research with interviews and case 
studies of two German doctoral programs in the life sciences, we tried 
to get an overview about many life science doctoral programs in 
Germany investigating the regulations of 82 programs. In our study, 
some doctoral programs report to support their supervision through 
TAC, but some programs do not. Thus, Qin could have randomly 
selected two programs that offer TAC. Although, mentors are meant 
to support doctoral candidates more informally, only one third of 
programs provided mentors. This result could reflect the desire of 
professors to maintain sole responsibility of supervision (Berning and 
Falk, 2006). Another reason for the small number of doctoral 
programs reporting to integrate mentors in supervision may 
be parallel offers of the university in general as mentioned by some 
experts of the present study. Thus, doctoral students would have the 
opportunity to be  supported by mentors, even if the programs 
themselves do not explicitly offer mentors. Otherwise, doctoral 
programs did not include mentors in supervision processes due to 
potential conflicts for doctoral candidates when supervisors and 
mentors have contrary types of supervision and opposing suggestions 
in consultations (e.g., Hauss et al., 2012; Olmes-López and Sunderland, 
2017). In general, however, there are efforts of universities in Germany 
to divide responsibilities of supervision to several supervising persons 
(professors, mentors) (Schneijderberg, 2018).

To avoid potential exploitation of doctoral candidates, agreements 
can be made to formalize supervision. Clearly stated requirements in 
doctoral education foster high-quality dissertations (Lovitts, 2007). In our 
study, only one third of life science doctoral programs used such 
agreements. Our results are in contrast to previous research, which 
showed a general trend to more formalized doctoral education through 
supervision agreements in Germany (Schneijderberg, 2018; BuWiN, 
2021). Thus, many life science doctoral programs still lack explicit 
formalization of supervision, confirming previous findings in the life 
sciences from the analysis of regulations on education in doctoral 
programs (Lachmann et al., 2020). Independently from the research field 
though, a survey on doctoral candidates in Germany showed that those 
in doctoral programs had a supervision agreement more often than those 
in master-apprentice-models (BuWiN, 2021). For research field-specific 
results, especially in the life sciences, many doctoral candidates indicated 
having a supervision agreement (BuWiN, 2021). These results, however, 
need not to be viewed as counter to our findings because the level of 
analysis differs; the BuWiN (2021) results refer to self-reporting of 
doctoral candidates, whereas we analyzed the regulations of doctoral 
programs. Additionally, the results of BuWiN (2021) did not specify the 
number of doctoral candidates in doctoral programs with supervision 
agreements. Therefore, the results of this study add new insights to the 
specific field of life science doctoral programs’ regulation design.

7.5. Examination

Instating supervisors as examiners has been questioned for 
potential conflicts of interest, because they would be evaluating 
their own mentoring (e.g., GSC, 2011). Nevertheless, most of 
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doctoral programs engage supervisors as examiners (almost four 
fifths). Reasons put forward to justify this decision include 
supervisors’ being experts in the specific field of the doctoral thesis 
and knowing best the progress and hurdles of the studies. Besides 
simple solutions for this dispute (external examiners could use the 
supervisors’ assessment on study progress at their own discretion) 
further research should develop and evaluate more solutions for 
improving transparency and consistency of examination. As 
commonly done in the United  States (Nerad, 2008), external 
examiners are part of examination committees in some doctoral 
programs in our German sample. Still, life science doctoral 
programs rarely include innovative examination approaches. 
Previous studies have already hinted some efforts of universities in 
structuring more objective approaches of examination in other 
research fields; during the examination of sociological doctoral 
theses at a German university, co-authors of articles embedded in 
the doctoral thesis are not allowed to grade these articles when they 
evaluate the doctoral thesis as part of the examination committee 
(Schneijderberg, 2018). Here, examination activities of examiners 
are limited due to their contribution during the process of doctoral 
studies. Investigations on examination approaches in the life 
sciences—especially in doctoral programs—are lacking. This study 
has added new insights on examination processes in life science 
doctoral programs that may be interesting for other research fields.

The doctoral programs differed widely in the extent to which the 
stated demands for an improved doctoral education had been 
implemented. Although German life science doctoral programs 
currently contain some of the suggestions, many improvements need 
to be instituted, which has some practical implications for doctoral 
program coordinators.

8. Practical implications

Major changes in life science doctoral programs are needed to 
fulfil the requirements for improving doctoral education. Since life 
science programs are long established and even life science programs 
have some remaining points for improvement, it can be concluded 
that implications of this study also apply to programs in other 
disciplines. Additionally, the improvement of doctoral education 
through doctoral programs is an internationally discussed issue. 
Therefore, implications of this German study provide some indications 
for other countries, even if they have their own main difficulties in 
doctoral education (Nerad and Heggelund, 2008).

Doctoral programs should include cooperation with other 
disciplines fostering relevant academic skills such as networking and 
international collaboration (e.g., Enders, 2005; Manathunga et al., 
2006). In German programs potential problematic career paths of 
doctoral graduates in foreign faculties should be avoided (cp. section 
6.1). When students with different basic studies enroll in 
interdisciplinary doctoral programs, respective associated faculties 
could host them.

In the international context, for improving internationality and 
competitiveness (Berning and Falk, 2006), program coordinators 
should increase the number of courses in English and try to facilitate 
the enrollment of foreign doctoral students. Lastly, more programs, 
especially in Germany, should provide the opportunity of 
earning a PhD.

All education in these programs should stay up to date 
internationally. Therefore, course offers as formal learning 
opportunities should include training in several relevant realms—e.g. 
in teaching ability, publishing open access, and public outreach 
(Nerad, 2008; Creaser, 2010).

Skopek et  al. (2020) have emphasized the importance of 
structuring doctoral studies through deadlines. By considering the 
interruption of supervision by determined meetings and the full 
schedule of both supervisors and doctoral candidates, coordinators 
should set a minimum of meetings, while doctoral candidates and 
supervisors should agree on an individual frequency of meetings.

Program coordinators should also consider the debates about 
supervisors’ examining doctoral theses (e.g., GSC, 2011). Our findings 
suggest that external examiners could consider supervisors’ reports on 
study progress and that supervisors do not grade doctoral theses. 
Having an external reviewer as part of examination committees, as 
practiced in the United States (Nerad, 2008), could guarantee a higher 
level of objectivity in examination. This implication does not apply to 
the United  States because this approach is currently and widely 
practiced there.

9. Limitations and future research 
direction

This study on life science doctoral programs in Germany is based 
on a document analysis of available information on the internet—
improved by additional survey data from experts of investigated 
doctoral programs as recommended by Schmidt (2017). Typically, 
information from online documents is limited by their function of 
informing interested students about such programs (Schmidt, 2017). 
Thus, document analysis cannot finally clarify whether certain topics 
are not ruled or defined in the programs or whether these topics are 
only not addressed in the documents found, but are indeed specified 
in the implementation of the programs in reality. However, document 
analysis enables focusing on perspectives other than those of doctoral 
candidates. Previous studies on doctoral education in doctoral 
programs has so far mostly examined survey data (e.g., Ambrasat and 
Tesch, 2017; Barnett et al., 2017; BuWiN, 2021). Therefore, document 
analysis adds a new prospect [comparably to the study conducted by 
Kwan (2010)] although information of the documents is limited. 
Document analysis does not consider individual experiences of 
doctoral students. Therefore, it can only give an overview of formal 
and theoretical conditions, but not represent real experiences of 
doctoral students. Alternatively, the doctoral programs could also have 
been analyzed using a survey from doctoral students for capturing 
their experiences or a survey from administrative staff of the programs 
for capturing the regulations from another perspective. Further 
research could evaluate the formally implemented elements of 
doctoral programs presented here through the perspectives of doctoral 
candidates and administrative staff to get an overall view of doctoral 
education’s conditions.

Since this study was based on life science doctoral programs in 
Germany, generalizations of conclusions are somewhat limited. 
Experiences in and conditions of doctoral education are still 
subject-related (Qin, 2017)—working on a doctoral thesis in 
sociology at an American university differ from experiences during 
a biological doctorate at a German university despite doctoral 
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programs attempt to equalize doctoral education’s conditions 
through standardized and formalized conditions for transparency 
and improved quality (Ambrasat and Tesch, 2017). It should 
be noted that practical implications of our study cannot simply 
be extrapolated to other countries for there is empirical evidence 
that, e.g., while European and U.S. programs do have significant 
overlap, there are also some differences in structure, mentoring, and 
assessment (Barnett et  al., 2017). Further studies on doctoral 
programs in other fields (e.g., in humanities) and other countries 
(e.g., the United States) would be beneficial for future comparison 
and discussion of our findings. Lastly, there are differences within 
doctoral programs due to their organizational structure—already 
described in other studies (e.g., Korff and Roman, 2013). That was 
not focused in this study here. We rather focused on the general 
structure and formalization of doctoral programs in the life sciences 
considering the five aspects.

10. Conclusion

Life science doctoral programs in Germany differ in the 
structuring of doctoral education. Although, they implement some 
activities required for educational improvement including 
interdisciplinary cooperation, international orientation, broad courses 
offered, structured supervision, and alternative examination 
approaches, shortfalls remain. Doctoral programs in Germany and 
internationally should be further developed and evaluated.
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Appendix

In the following table, we give an overview of the abbreviations and Latin names or meanings of German doctoral degrees.

TABLE 2A Overview of selected abbreviations and Latin names of German doctoral degrees in the life sciences.

Abbreviation Latin name/meaning

Dr. med. Medicinae

Dr. med. dent. Medicinae dentariae

Dr. rer. nat. Rerum naturalium

Dr. rer. biol. hum. Rerum biologiae humanae

Dr. rer. medic. Rerum medicarum

Dr. nat. med. Naturalium medicinae

Dr. ing. Engineering

Dr. agr. Agriculturae

Dr. phil. Philosophiae
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