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Abstract
Background

Literature, individual experiences and common considerations suggest that prior profes-
sional qualification can be an advantage for later career development. For instance, in Ger-
many, professional pre-qualification has been honored by medical faculties in selection
procedures for several years. However, a systematic evaluation of this relationship lacks.
This scoping review summarizes existing literature and addresses the role of prior profes-
sional pre-qualifications on objective or subjective study success and the choice of a
specialization.

Methods

The scoping review was performed oriented on the PRISMA guidelines. PsycINFO and
PubMed databases were searched for relevant studies that included data of medical stu-
dents with and without professional pre-qualifications. To answer the underlying research
questions, this scoping review also includes studies that examine professional pre-qualifica-
tions in association with non-cognitive "soft" criteria.

Results and further directions

1055 items were identified and reviewed by two independent reviewers with final 11 studies
were included for this scoping review. The results of identified studies that report possible
effects of prior pre-professional qualifications are inconclusive but suggest that prior profes-
sional qualifications tend not to have rather an advantage on study success. Medical school
success for students with prior professional qualifications tended to be below average in the
preclinical setting, and there were no differences in the clinical setting compared with stu-
dents without prior professional qualifications. The influence of professional pre-qualifica-
tions has not yet been adequately studied without the moderator variable “waiting time” and
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“A-levels grade”. The scoping review indicates insufficient number of articles stating a co-
relation of prior pre-qualifications and subjective data. Again, the results found are not suffi-
cient to state a clear relationship between professional pre-qualifications and the choice of a
specific speciality preference. However, professional pre-qualifications, both in medicine
and as "practical experience in rural areas", tend to be beneficial for the choice of becoming
a rural physician. Large-scale cross-sectional and longitudinal studies are needed to investi-
gate the influence of professional pre-qualifications on different study trajectory parameters.

Introduction

The decision to choose a particular subject or profession is a major life decision that decisively
determines the further course of an individual’s biography [1]. The study of human medicine
is still one of the most popular subjects worldwide. Overall, “doing medicine” has a very simi-
lar mechanism throughout the world. In principle, “the human” as a medical “working object”
is the same everywhere [2]. However, there are considerable differences with regard to the
infrastructure of the medical schools, including selection criteria, as well the content and pro-
cess of study where one is allowed to become a physician.

Medicine as a popular field of study worldwide

There are 2,409 medical education institutions worldwide, yet the density is very unevenly dis-
tributed. Most medical schools are located in India, with 225, followed by the 153 medical
schools in the USA [2]. In the USA, the number of students applying to medical school is
increasing, as are the available positions within medical schools [3]. For the 2017/18 academic
year, a total of 51,680 students applied to medical school, and 21,338 (41.3%) matriculated (in
accordance with Strowd et al., 2019 [3]). In Germany, 98,736 students were enrolled at 29 Ger-
man universities in 2019 [4]. The requirements for a university place in human medicine are
consistently high, and the number of places is often limited. In the German winter semester
2019/20, for example, a total of 41,791 applicants applied for 9,458 places in the human medi-
cine program, i.e. four applicants per place. In the 2019 summer semester, there were 19,704
applicants for 1,678 places, i.e. 12 applicants per place [4].

While the criteria for successful students or physicians are often only roughly outlined, they
have a decisive role in the selection of students and the allocation of study places for the subject
of medicine. There are descriptions of which competencies should make a "good doctor", such
as that of Baumann [5], who defines seven core competencies how to become a good doctor.
He describes a doctor as competent if he or she has mastered the process of solving medical
problems, has a broad knowledge and clinical skills, has a thorough scientific education, is flex-
ible, knows his or her own limits and continues to develop, and has the right attitude such as
empathy and role distance [5]. Furthermore, a successful physician should integrate the com-
petencies of all seven CanMEDS Roles including medical expert, communicator, collaborater,
leader, health advocate, scholar and professional. These CanMEDS Roles describe the abilities
physician need to have to meet the patients’ health care needs [6].

Medical education and selection process in Germany

The National Competence-based Learning Objectives Catalog for Medicine (NKLM) was
developed on behalf of the Standing Conference of the Ministers of Education and Cultural
Affairs of the German Medical Faculty Association (Medizinischer Fakultdtentag), the Society
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for Medical Education (Gesellschaft fiir Medizinische Ausbildung). The catalog of learning
objectives defines competencies that are based on the professional profile of physicians and
that should be available upon completion of the respective course of study. In addition to
knowledge and skills, these also include higher-level learning objectives such as attitudes, sci-
entific competencies and so-called soft skills [7].

The recent creation of a uniform graduate profile and role definition via the National Com-
petence-Based Learning Objectives Catalogue for Medicine (NKLM) [8] has led to a redefini-
tion of the study objective. In the future, these competencies will also be relevant for the
success of medical studies as competence-based examinations play a more relevant role in
medical training.

Next to the National Competence-Based Learning Objectives Catalogue for Medicine, the
German Master Plan 2020 for medical education provides a graduate profile that, in addition
to factual knowledge, is intended to impart skills, abilities and attitudes. Here, the focus is on
scientific competence, doctor-patient and interprofessional communication skills as well as a
strengthened competence profile for general medicine. In addition to the substantive, method-
ological and didactic challenges in medical education, the question arises as to what extent
selection considerations should occur before students even start their studies, with regard to
the later differentiation in the medical specialities.

The Master Plan for Medical Studies 2020 is accompanied by changes in medical studies by
focusing on doctor-patient communication and the teaching of scientific skills. Admission to
medical studies is to be geared more towards requirements for medical practice, social and
communication skills and motivation for medical studies. Selection criteria already in use,
such as A-levels, test and interview results or work experience close to medicine, are to be vali-
dated, with a focus on predictive validity for social, communicative and scientific competences,
as these have been neglected so far.

The previous German system allocated university places according to advance quotas based
on the best A-level grades (20%), a waiting period (20%) and individual selection by the uni-
versities (60%). The individual selection by the universities (AdH = selection process of univer-
sity Auswahlverfahren der Hochschulen) is designed to consider other aptitude-related
criteria in addition to the A-level grades in the selection of applicants. In particular, non-cog-
nitive factors such as professional pre-qualifications and voluntary service, as well as competi-
tions, were agreed upon. Furthermore, cognitive aptitude tests, such as the Test for Medical
Studies (TMS) or psychosocial tests with Multiple Mini Interviews (MMIs) or a Situational
Judgement Test (S]T), are still included in the selection procedure [4, 9, 10].

A total of 70% of the study places may be awarded by the higher education institutions
according to the results of the higher education institutions” own selection procedures. The
focus can be placed on the following criteria for the allocation of study places: (1) the degree of
qualification, (2) weighted individual grades of the qualification, (3) the result of a subject-spe-
cific study aptitude test, (4) existing vocational training or work experience, (5) existing special
prior education, practical activity or extracurricular achievement/qualification and (6) the
result of an interview or other oral procedures.

Especially the pre-qualification in professional practice plays a decisive role in many higher
education institutions” own selection procedures, although the group of students with pre-
qualification in professional practice has been studied only little so far.

The issue of professional suitability focusing on professional pre-qualification represents
another possibility for student selection. Professional pre-qualification is defined as completed
vocational training in healthcare, e.g., nursing,paramedics, geriatric nurse or physician assis-
tant. Until now, the extent to which a selection according to professional pre-qualifications is
actually an advantage for future students has been unclear. Often this practice is motivated by
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the idea that applicants might have better access to the medical content and might also have
concrete professional advantages due to their previous experiences. Therefore, applicants with
professional pre-qualifications are expected to gather their medical knowledge and perform
better in their studies. It is assumed that they can use their professional experience positively
in their studies and later in their profession and are better informed than applicants without
professional pre-qualifications in terms of what to expect in everyday medical life. In addition,
they train and improve their skills through their vocational training. Furthermore, a positive
self-selection could result from pre-qualifications, so students with pre-qualifications reflect
more on their aims and expectations of their medical study compared to students without pre-
qualifications.

Aim of the study

This scoping review deals with the role of professional pre-qualifications regarding success
before and in medical school and speciality choice. To answer the underlying research ques-
tions, this scoping review also includes studies that examine professional pre-qualifications in
association with non-cognitive "soft" criteria. There are indications from the literature that cer-
tain constructs could be considered in predicting study success. For example, specific person-
ality traits such as conscientiousness [11] and the expectation of self-efficacy [12] partially
show high correlations with objective study success, as does the learning behaviour of students
[13].

Furthermore, several studies showed that vocational interest as non-cognitive “soft” criteria
has an impact on study success [14]. In addition to the didactic and methodological challenges
of the study program, the question arises as to what extent the selection of students in the run-
up to the study program should be considered with regard to the later differentiation of spe-
cialists. In particular, according to the current state of knowledge in a few studies from Canada
and Australia, the willingness to work as a rural doctor cannot be predicted by selection tests.
Rural origin and internships in rural areas during university appear to be the better predictors
[15].

The questions should be answered more precisely: Do students with professional pre-quali-
fications show a more or less successful performance in university? Do prospective students
with or without professional pre-qualifications differ with regards to:

a. the course of the study, operationalized by objective and cognitive criteria of study success
b. subjective data or moderator variables

c. their preference for subsequent specialist training.

Methods
General methodology and selection criteria

No protocol exits for the review. It was constructed based on the PRISMA Statement [16, 17].
We used to define eligibility criteria to search for relevant literature. The eligibility criteria
were as follows (1) undergraduate medical students before and in different stages of their uni-
versity education; (2) items that report data of medical students with and without professional
pre-qualifications. Professional pre-qualifications are defined as studies or training broadly
related to medical education and completed before medical school. This includes, for example,
training as a paramedic, nurse, or a study of basic natural sciences or health sciences; (3) rele-
vant publications were based on the impact of professional pre-qualifications (a) on the studies,
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Table 1. Overview of precise operationalization on outcome variables.

Research Superordinate

Question

a Objective/cognitive data in the
course of study

b Subjective data or moderator
variables

c Preference for subsequent

specialist training

https://doi.org/10.1371/journal.pone.0258941.t001

Outcome Variables

Operationalization/examples

Grades; clinical traineeships; preparing a doctoral thesis; repeating exams; dropping out of studies, regular study
period; results of selection tests (e.g., TMS, SJTs, MMI, or others)

Soft skills; study satisfaction; communication skills, mental health, learning behaviour, study satisfaction, self-
organization, personality e.g. conscientiousness, resilience and mental and interprofessionalism

Interest in and initiation of a specific specialist training.

(b) with regard to moderator variables, c) on students’ preference for subsequent specialist
training. Table 1 gives an overview of our precise operationalization of outcome variables
regarding our research questions. (4) Relevant studies can be peer-reviewed articles, systematic
reviews and conference papers published in German, French or English in the last 20 years.
The search was conducted using the databases of PsycINFO, PubMed, and Google Scholar.

Data sources and search strategy

PsycINFO and PubMed databases were searched for relevant studies (Title & Abstract screen-
ing). Search terms with the following Special Medical Subject Heading (MeSH) terms and
combinations were used to search for relevant literature:

((medical student™ OR pre-medical student” OR medical subinterns OR medical subintern*
OR medical clerk* OR medical intern* OR elective)) AND (pre-preliminary job-qualifica-
tions qualification OR “professional qualification” OR “vocational qualification” AND
Grades OR clinical traineeships OR “doctoral thesis” OR “dropping out” OR study period
OR study satisfaction OR Communication skills OR mental health OR learning behaviour,
study satisfaction OR self-organization OR personality OR, team skills OR resilience OR
interprofessionalism))

Additional articles were retrieved by cross-checking reference lists of the identified articles.
From April 2019 until August 2021, we searched for relevant studies published until August
2021.

Study selection

Articles were identified using a multi-phase screening process. All articles were checked on the
basis of title and abstract and categorized as “eligible” or “ineligible” studies by two indepen-
dent reviewers. In a next step, studies with the potential to be included were assessed for eligi-
bility on the basis of full-text analyses by both reviewer.

Results
General search results and quality assessment

In total, 1055 items were identified: 1006 articles were found through databases such as Psy-
cINFO and PubMed and Google Scholar, and the other 49 articles were found through cross-
and grey-search strategies that also referenced congress reports and quality reports with results
sections. The 1055 articles were reviewed by two independent reviewers based on title and
abstract to determine whether an article should be included or excluded; 991 articles were not
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[ Eligibility J [ Eligibility J [ Screening J [IdentificationJ

Records identified through Additional records identified
database searching: through other sources:
(n =1006) (n = 49)

Records after duplicates removed:

(n = 1055)
Records screened: Records excluded:
(n = 1055) (n=991)
Full-text studies excluded, with
Reasons (n =53):
Full-text articles assessed >~ nomeasure of job pre-
for eligibility: qualifications: n = 37
n=64 - wrongsample:n=4
- specific study situation: n = 10
- wrong language:n=2

Studies finally
included:
(n=11)

Fig 1. Literature search results in regard to the PRISMA Statement.

https://doi.org/10.1371/journal.pone.0258941.9g001

further included in the full-text analysis. Fig 1 shows a flowchart of the literature search results
in regard to the PRISMA Statement adapted to the aims of this scoping review.

There were 64 articles further screened by full-text analysis using PICO criteria, and 53 of
the 64 articles were finally excluded. The primary rationale for excluding articles related to the
fact that the studies did not examine prior professional qualifications in the strictly defined
sense (n = 37), but instead reported preclinical experience or part-time employment in the
broad sense, which did not meet the operationalization of the central research question. Of the
studies, n = 4 did not report on medical students but, for example, nurses in training. Inn = 10
studies, medical students were examined in special study situations to test specific interven-
tions for effectiveness. Here, too, there was confounding of the term "professional pre-qualifi-
cations." Two studies were not included because they were not published in English, German
or French. Finally, a total of 11 studies were included for this scoping review.

Responding to the research questions

The following is a summary of the studies identified based on the questions.
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Association of professional pre-qualifications and objective data. Four of the 11 studies
investigated the association of professional pre-qualifications based on objective quantitative
data. In the following, we will sub-summarize these studies and highlight the single results.
Table 2 gives an overview of the included publications in detail.

Hampe et al., (2008) investigated the possible correlation of their new-developed HAM-Nat
(Hamburger Admission test for Medicine, natural sciences part) and the success of n = 333
(male = 117, female = 216, N = 63 with professional pre-qualifications) students within their
first year of medical education [9]. Study success was operationalised on the basis of passed
examinations. The authors examined the effects of professional pre-qualifications on success
and found that professional pre-qualifications did not correlate with better success. The group
of students with professional pre-qualifications passed significantly fewer exams n = 5.8 (6.2)
in their first year on average compared to the group of students without professional pre-quali-
fications n = 8.8 (8.7) (t-test: p<<0.001). It is noted that most of these 63 students with voca-
tional training received the university place due to the waiting period quota. However, nine of
them were allocated via the AdH. The authors suspect that the greater time lag between the
start of their studies and the end of school influenced the number of examinations passed.

Heidmann et al., (2017) examined student candidates who participated in selection proce-
dures at the European Medical School (EMS) Oldenburg from 2012 to the 2016 winter semes-
ter (n = 277) [18]. They investigated to what extent cognitive or socio-demographic variables
influence the ability to cope with the MMIs. Applicants with completed medicine-related pre-
qualifications scored significantly better in the overall assessment of the MMIs (p = .02;r =
.14) and the selection interview (p = 0.005; r = .17). The MMIs consisted of a group discussion,
a written self-reflection, a patient interview, an interaction exercise, a discussion of an ethical
problem, and a selection interview.

Hampe et al., (2009) examined various factors that are assumed to predict study success in
medical school [19]. Students with completed vocational training did not differ in dropout
rates, except those who had a higher age at the start of university (28-32 years). Mean marks of
students with medicine-related pre-qualifications were slightly worse in the preclinical stage
but not in the clinical stage.

In a validation study, Simmenroth et al., (2014) examined 347 (male = 100, female = 247)
applicants from two cohorts who participated in the AdH of the University of Gottingen in
2014 [20]. In a subgroup, they investigated, among other things, how pre-qualifications
affected their performance in the AdH. The test score in the AdH was made up of the points
achieved in a structured interview and the MMI and was then offset against the A-level grade.
Participants with a completed vocational training tended to perform better on average in both
the structured interview and the MMI. On the other hand, the A-level grade was better in the
group of participants without work experience, so the slight advantage of participants with
professional pre-qualifications disappears in the second step of the calculation of the AdH.
The grades of students with pre-qualifications were worse in the preclinical studies but not in
the further course of the studies.

Association of professional pre-qualifications and non-cognitive data. Three of the
eleven studies investigated possible effects of pre-qualifications on subjective, non-cognitive
data. Paulmann et al., (2016) report results of a graduate study (1.5 years after completion, in
five cohorts, total n = 628) [21]. The authors investigated whether there is an incremental ben-
efit for medical students with pre-qualifications in terms of professional skills, preference for
subsequent specialist training and study satisfaction. A total of 62% of the students with train-
ing got their places through waiting periods. They found no effect of professional pre-qualifi-
cations on self-assessed medical skills and study satisfaction. Also, delayed entry into medical
studies does not seem to have a negative effect on study or job satisfaction.
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Table 2. Overview of studies included.

Author Article type
(year, country)
1 | Hampe et al, 2008; | Peer-
Germany reviewed
2 | Heidmann et al., Congress
2017; Germany paper
3 | Hampe etal., 2009; | Review

Germany

4 | Simmenroth-Nayda | Peer-
etal., 2014; reviewed
Germany

5 | Hiemisch at al., Peer-
2005; Germany reviewed

6 | Talwalker et al., Peer-
2016; USA reviewed

7 | Paulmann et al,, Congress
2016; Switzerland | paper

Sample Frequency of professional pre-

Characteristics qualifications (PPQ)

Research Question a) objective (cognitive) data
N = 333 medical students; N =63 (18.9%") have PPQ

Dfemate = 216 (64.9%") N = 51 medical students with
Npate = 117 (35.1%") medical-associated PPQ were

not specified in the analysis
Mg, not reported

N = 277 participants who took part in
the university selection process at the
European Medical School Oldenburg

Number of students with PPQ
not reported

Overall number of medical students
not reported

Number of students with PPQ
not reported

N = 53% (15%") have relevant/
health-care associated PPQ

N = 347° participants who took part in
the university selection process;

Dfemale = 247° (71%1)
Nmate = 100% (29%)
M,ge = 20.0 years" (R = 17-34 years)

Research Question b) non-cognitive data

Number of students with PPQ
not reported

N = 85 students of medicine and
dental medicine at both times;

Yfemale = (65%1)
Ymale = (35%1)

N = 166 students of medical, nursing
and physician associate studies;

Dfemale = 112 (679%)
Nmale = 53 (321%)
M, = 25.1 years' (2.9")

N = 143 (86.7%) have
healthcare-associated PPQ

N = 628 medical graduates 1.5 years
after finishing university in 5 cohorts

N = 142 (23%) have PPQ, more
than 80% of them healthcare-
associated (ca. 19%)

Main outcome

Completed professional pre-qualifications was not
correlated with improved academic success.

Students with professional pre-qualifications passed
significantly fewer exams on average (n = 5.8,

SD = 6.2) than students without prior vocational
qualifications (n = 8.8, SD = 8.7) (t-test: p < .01).

Students with medicine-associated professional pre-
qualifications performed significantly better on the
overall MMI score (p < .05, r =.14) and on the
selection interviews (p < .01, r =.17).

Previous professional pre-qualifications demonstrate
no significant difference regarding dropout rates
(except for a later start of study at 28-32 years of
age).

The grades for students with professional pre-
qualifications were on average slightly worse in the
pre-clinical, but not in the clinical, study section
than those of the other students

Students with professional pre-qualifications scored
significantly better in the selection process of the
universities of Géttingen (M = 22.2* points (3.5%)/
M = 22.2° points (1.9%)) than participants without
PPQ M = 19.4* points (3.2%)/ M = 20.9° points
(2.8); (8 = 0.74%, p < .01*/ 8 = 0.55%, p < .01°).

The advantage vanishes in the second step of the
selection process with A-level grades.

Participants with professional pre-qualifications
tended to score lower in the A-level grades

(M = 23.4* points (1.8*))/ M = 24.0° points (0.9°))
than other participants (M = 27.7 points (1.7%))/
M = 26.9° points (1.1°) (§ = 2.45%, p < .001*/ 8 =
2.92%, p < 0.001°).

Since only 5-6% of the variance could be attributed
to the variables age, gender and completed
professional pre-qualifications, these variables were
not included in the analysis.

On the Roles/Responsibility subscale of the
Readiness for Interprofessional Learning Scale,
students with healthcare-associated professional pre-
qualifications scored significantly higher (M = 11.9
points (2.33)) than those participants who had no
prior experience (M = 10.7 points (2.19)) (t-test: t
(163) =2.30, p < .05).

Previous professional qualifications do not influence

the dependent variables ("self-assessed medical
skills" and "assessment of study satisfaction").

However, a negative influence due to the delayed
start of medical studies could not be shown either.

Research Question c) preference for subsequent specialist training

(Continued)
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Table 2. (Continued)

Author
(year, country)

7 | Paulmann et al.,
2016; Switzerland

8 | Kesternich et al.,
2017; Germany

9 | Kopp et al, 2016;
Germany

10 | Rourke et al., 2008;
Canada

11 | Henry et al., 2009;
Australia

Article type

Congress
paper

Peer-
reviewed

Peer-
reviewed

Review

Review

! value self-calculated by author

% standard deviation not reported

Sample
Characteristics

N = 628 medical graduates 1.5 years
after finishing university in 5 cohorts

N = 474 medical students during their
clinical period at medical studies

Dfemate = 299" (63%)

Nmale = 175" (37%)

N = 11,462 medical students;
Nfemale = 6,634 (64%),

Nale = 3,650 (36%);

Mage =25 years2

Overall number of medical students
not reported

Overall number of medical students
not reported

*summation of values from two different cohorts, self-calculated by author.

* cohort of students in winter semester 2013/14 at the University of Géttingen

>cohort of students in summer semester 2014 at the University of Gottingen.

https://doi.org/10.1371/journal.pone.0258941.t002

Frequency of professional pre-
qualifications (PPQ)

N = 142 (23%) have PPQ, more
than 80% of them healthcare-
associated (ca. 19%)

Number of students with PPQ
not reported

Rractical experience in the
health-care sector 53%

Number of students with PPQ
not reported

Number of students with PPQ
not reported

Number of students with PPQ
not reported.

Main outcome

Among students with professional pre-
qualifications, the field of anaesthesiology appears to
be significantly more popular (27%) than among
students without professional pre-qualifications
(9%)

Students who wanted to become rural physicians
tend to have more healthcare-associated professional
pre-qualifications, but the difference was not
significant (two-sided t-test: p > .05).

Healthcare-associated professional pre-qualifications
had a modest, nonsignificant, positive influence on
the preference toward general practice as residency.

Students from rural areas are more likely to enter the
profession of rural medicine.

Practical medical work, undergraduate rural
training, or postgraduate rural training have a
positive influence on entering the profession of rural
medicine.

A strong predictor of admissions to rural medical
practice is if students resided in a rural area prior to
medical school.

Practical work, especially in the later clinical sections
of medical school, also has a positive influence on
starting work as a rural physician.

Hiemisch et al., (2005) used a paper-pencil study to investigate various factors that correlate
with satisfaction in medical studies [22]. They evaluated 288 students at two different times.
Professional pre-qualification was one of the demographic data variables that was not included
in the further data analysis due to too little variance explanation.

Talwalkar et al., (2016) examined the readiness of students and trainees in various medical
subjects including N = 166 students (male = 53, female = 112) for interprofessional learning
[23]. The participants consisted of medical students, nursing students and physician-associ-
ated students. Readiness for interprofessional learning was measured using the "Readiness for
Interprofessional Learning Scale” (RIPLS). It was found that those participants who had medi-
cine-related professional pre-qualifications achieved significantly higher values on the RIPLS
subscale "Roles/Responsibilities” than those participants who had no prior experience. The
authors hypothesize that students are likely to have a better understanding of the needs and
concerns of different team members based on their own prior healthcare experience. Factors
such as the participants’ increased age, previous paid employment in the healthcare sector, or a

bachelor’s degree in humanities did not have a moderating effect.

Association of professional pre-qualifications and specialist training. Five of the 11

studies investigated possible effects of professional pre-qualifications of medical students’ or
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physician preference for subsequent specialist training e.g., as a rural physician. Kesternich
etal., (2017) address the topic of the shortage of general practitioners (GPs) and rural physi-
cians, which is also considered in the German Master Plan of medical studies 2020 (“Master-
plan Medizinstudium 2020”) in the form of an admission quota for prospective rural doctors
[24]. This is an additional way to get into medical school as demand far exceeds the number of
places available at German universities. The study presents the results of a survey among medi-
cal students from Munich (Germany) in the clinical section of their studies. In a multivariate
model, the authors determine the effect of socio-demographic factors, typical parameters con-
sidered in student selection procedures, and risk aversion on the intention to become a GP or
a rural doctor, respectively [24]. Only a) higher self-reported risk aversion, b) lower A-level
grade, and c) at least one parent is a medical doctor are significantly and positively correlated
with one or both intentions. Professional pre-qualifications in the health sector, the exam
score (in Germany: “Physikumsnote”), or the waiting period had no significant effect. They
found that medical students who were interested in rural medicine tended to have medicine-
related professional pre-qualifications. However, the overall result was not significant.

Regarding the possible association of professional pre-qualifications and medical students’ or
physician preference for subsequent specialist training, Paulmann et al., (2016) found a significant
popularity of anaesthesia as a continuing education subject among the group of students with com-
pleted vocational training (27%) compared to the group of students without training (9%) [21].

Kopp et al., (2016) used an online survey to examine N = 11,462 medical students to investi-
gate factors that influence the choice of specialist training as well as students’ expectations of
future careers [25]. For the factor "previous professional experience in the medical field", a
weak positive influence on the preference for general practice as a specialist direction was
found, but the results were not significant.

In his review, Rourke (2008) highlights various factors that could increase the uptake of
rural medicine in Canada [26]. In addition to financial or resource-related aspects, education-
related aspects also seem to be a key consideration. Medical students who come from a rural
area, have medicine-related professional pre-qualifications or undergraduate rural training, or
received postgraduate rural training seem to later practice more often in rural areas.

Henry et al., (2009) also examine the relationship between the selection procedure of medi-
cal studies, including previous practical experience and a future career as a rural doctor [27].
Based on interviews with interns who held completed undergraduate medical degrees and
interns who completed graduate entry programs, they found a correlation between practical
experience in rural areas and a higher interest in a career in rural medicine. According to
themthe strongest predictor for specialisation as a rural doctor is having lived in a rural area
before studying medicine [27]. Table 2 summarizes the single results from the included articles
as an overview in regard to the research questions.

Further results. Most of the studies came from Germany with a number of n = 8. The Swit-
zerland and the USA were each represented with two studies. There was one study from Australia
and one from Canada. The results showed that Germany had investigated, in the last years whether
previous professional experience influenced the success in medical studies. The two studies in Swit-
zerland also presented first steps in this research directions. The different studies from Canada and
Australia investigated the preference for rural medicine in particular and were able to show that
being from a rural area can be a predictor for the choice of becoming a rural doctor later in life.

Discussion

This review provides a scoping review of the association of professional pre-qualification on
objective, subjective data and preference for specialist training. The training has been
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honoured by medical faculties in Germany in the selection procedures for several years. This is
one of many ways universities in Germany try to narrow down applicants, as demand far
exceeds the number of places available at medical faculties. However, delayed graduation and
entry into the profession is critically discussed for various reasons. It may be suspect that phy-
sicians with previous experience in the medical field have advantages if they pursue a medical
career in a field they already know from a non-physician perspective. However, a systematic
assessment of this relationship is lacking [28].

Professional pre-qualifications on objective study criteria

This scoping review addressed the question of how professional pre-qualifications affect differ-
ent study trajectories and selection parameters. Four studies [9, 18, 19, 29] reported possible
effects of prior professional qualifications on objective and cognitive study data. They evalu-
ated the influence of exam grades in preclinical and clinical settings, dropout rates, A-level
grades and performance scores on selection interviews such as the MMI. The study situation
and a possible effect of prior professional qualifications is inconclusive but leans towards a
rather negative impact. The results showed that medical school success for students with prior
professional qualifications tended to be below average in the preclinical setting, and there were
no differences in the clinical setting compared with students without prior professional qualifi-
cations. Students with completed vocational training did not differ in dropout rates, except
those entering university at a higher age (28-32 years). Students with professional pre-qualifi-
cation scored higher on the overall MMI assessment. In contrast, the A-level scores are better
in the group of participants without work experience.

Thus, it is discussed that some of the lower performance among students with prior profes-
sional qualifications can be attributed to lower A-level grades [9, 19, 28] since the professional
activity is often pursued to bridge the waiting period until university admission. In addition,
formerly employed students are usually exposed to longer periods of demanding school or aca-
demic learning, as well as a potentially changed family situation or increased life demands due
to the loss of income. This can result in less time devoted to studying. Formerly employed stu-
dents may enrich student discussions with other perspectives and increase the heterogeneity of
the student body, but this is difficult to quantify [30].

Based on current evidence, A-level grades and aptitude tests are about equally capable of
predicting students’ cognitive success and perseverance in the first semesters, but the effect
may be lost in the clinical stage [9, 13, 31-33]. In contrast, the dropout rate was related pre-
dominately to the age at which students entered the university. Students enrolled through the
A-level or AdH quota achieved the best academic performance and lowest dropout rates. The
performance level of students admitted through the waiting period quota and the post-delay
procedure was lower, and more than 20% of them dropped out during the preclinical study
period, half of them due to poor performance. A-level grades and age have different prognostic
importance for study performance and persistence rates. Both factors have a negative effect on
the prognosis in the group of students who were admitted through the waiting period quota.

In summary, the influence of professional pre-qualifications has not yet been adequately
studied without the moderator variable “waiting time” and “A-levels grade”. It would also be
interesting to more closely examine students who are admitted through the additional suitabil-
ity quota (“Eignungsquote”) in order to sharpen a possible influence of the previous profes-
sional qualifications. Based on this suitability quota implemented by all medical schools in
Germany, applicants are selected independent of their school grades following a 100-point
model including professional pre-qualifications [34].
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Professional pre-qualifications on subjective study criteria

In the second research question (research question b), the scoping review examines the effect
of professional pre-qualifications on subjective study progress data, such as "soft skills". These
include, for example, competence in the interpersonal area, ability to deal with other people or
complex skills that enable the individual to take control of reality in communication and inter-
action situations according to the needs of the participants. Furthermore, professional pre-
qualifications can affect inter-professionalism, self-organization, teamwork, mental health
and/or study satisfaction.

Only three studies report a possible effect of professional pre-qualifications on the subjec-
tive progress of the studies. Paulmann et al., (2016)report that students with and without pro-
fessional pre-qualifications did not differ with respect to self-assessed medical skills and their
own assessment of study satisfaction [21]. Hiemisch et al., (2005) also examined several factors
that correlate with various determinants of student satisfaction in medical school in a paper-
pencil study. Demographic data included possible professional pre-qualifications, which were
not included in further data analysis due to insufficient variance explanation [22]. Talwalkar
etal, (2016) examined the readiness of students and trainees in various medical disciplines
with professional pre-qualifications [23]. Here, they found that participants with professional
pre-qualifications in medical training scored significantly higher on the RIPLS Roles/Respon-
sibilities subscale than those without prior experience. Thus, they concluded that students are
likely to have a better understanding of the needs and concerns of different team members due
to their own prior healthcare experience.

However, it should be considered that the number of surveys is too small to assess the effect
of professional pre-qualifications. For this part of the research question, it is particularly appar-
ent that it is difficult to differentiate the terminology of "early experience". It seems that most
studies dealing with the assessment of prior experience on subjective course parameters focus
on different programs and courses in medical school [35].

Furthermore, the results showed that Germany and Switzerland compared to other coun-
tries had investigated in the last years whether previous professional experience influenced the
success in medical studies [21, 24, 25]. This may be due to the fact that practical skills have
become more important in medical studies while classical factual knowledge has become
secondary.

Professional pre-qualifications and preference for later speciality training

The third research question (question c) addressed the effect of professional pre-qualifications
on a preference for later speciality training. A total of five studies was found. With the excep-
tion of one study (Paulmann et al., 2016 [21]) from the field of anaesthesia, four of the included
studies reported a possible association of professional pre-qualifications and preference for
general practice medicine and, more specifically, for rural medicine [24, 26, 27, 36]. The study
by Paulmann et al., (2016) found a positive association between professional pre-qualification
and the popularity of anaesthesiology as a residency speciality [21]. Kesternich et al., (2017)
suggest that developed and developing countries face imbalances in the distribution of their
physician workforce, especially with shortages of general practitioners and rural physicians
[24]. Therefore, there is intense scientific discussion analysing specialisations and location
decisions of medical students as well as political measures to reduce the shortage of physicians
[37].

The literature indicates factors affecting the probability of rural employment include mone-
tary [26] and non-monetary aspects such as one’s choice of work schedule and part-time work
patterns [38] as well as the motivation of medical students [39]. With regard to a possible
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relationship between preference for rural medicine and professional pre-qualifications, Kester-
nich et al. (2017) found that medical students who were interested in rural medicine tended to
have medical-related professional pre-qualifications [24]. However, the overall result failed to
reach the significance level. Kopp et al., (2016) also found a weak positive association between
previous professional experience in the medical profession and preference for general practice
[25].

In his review, Rourke (2008) highlights several factors that could increase the acceptance of
rural medicine in Canada [26]. In addition to financial or resource-related aspects, education-
related aspects also seem to play an important role. Medical students who come from a rural
area and have completed a medical-related pre-qualification or rural undergraduate training,
or have received postgraduate rural training, tend to practice in rural areas more frequently. In
the review by Henry et al., (2009), the authors found an association between practical experi-
ence in rural areas and higher interest in a career as a rural physician. According to the study,
the strongest predictor of later specialisation as a rural physician is if students lived in a rural
area before medical school [27].

Again, the results found are not sufficient to state a clear relationship between professional
pre-qualifications and the choice of a specific speciality preference. However, professional pre-
qualifications, both in medicine and as "practical experience in rural areas”, tend to be benefi-
cial for the choice of becoming a rural physician.

Limitations

To the best of our knowledge, this is the first scoping review that specifically addresses the pos-
sible relationship of prior professional qualifications to the three questions above. Overall, the
number of studies can be considered too small, and the results are too ambiguous to assess the
effect of professional pre-qualifications by using a meta-analysis. Most of the studies in the lit-
erature overview identified by questions a) and b) were from Germany and therefore may not
be universally valid and transferable The fact that most of the study were from Germany might
be the results of the issue that the selection criteria to attend medical school in Germany has
been a relevant topic for years and should be adapted to focus more on practical competencies
and clinical skills. The selection process is different in other countries, where prior professional
qualifications may receive less focus when attending medical school.

For instance, In Germany, professional pre-qualification has been honoured by medical
faculties in for several years. However, a systematic evaluation of this relationship lacks. This
scoping review summarizes existing literature and addresses the role of prior professional pre-
qualifications on objective or subjective study success and the choice of a specialization. Fur-
thermore, it need to be considered that all of the studies concerning professional pre-qualifica-
tions were conducted in university cities and therefore might not have validity in rural areas.
Thus, there was no significance relationship between healthcare-associated professional pre-
qualifications and the preference to become rural physicians found.

Therefore, large-scale cross-sectional and longitudinal studies are needed to investigate the
influence of professional pre-qualifications on different study trajectory parameters. Ideally,
analyses of incremental validity will be conducted by simultaneously surveying a broad predic-
tor space. For the operationalization of study success and subjective study progress parameters,
different criteria should be considered simultaneously.

Implications and further directions

Unfortunately, the number of studies is too small to assess the effect of professional pre-qualifi-
cations Studies have shown that A level grades and aptitude tests are suitable for predicting
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cognitive success in studies and adherence in the first semesters of studies [9, 31-33, 40].
Hampe et al. pointed out that students who had completed vocational training had poorer cog-
nitive success in their studies [9]. International studies have shown that interviews are not very
reliably valid, so standardised MMIs are increasingly used to predict social and communicative
skills [41, 42]. In addition, written tests such as the Situational Judgement Test (SJT) are used
internationally to predict social competence [43]. The discussion and research of selection cri-
teria in human medicine is part of the general scientific, political, educational and philosophical
discussion of what makes a good doctor. In this context, the question rises which soft and hard
criteria might predict a good doctor. Hampe et al. (2009) discussed the question of who
becomes a good doctor by referring to the high school grades and standardized tests to assess
the students’ ability that have acceptable validity coefficients with regard to academic and pro-
fessional success. Concerning students with medical training and professional experience they
found that the dropout rate was the same as that of other students [19]. Just and Fischer (2014)
found out that students that were admitted by the quota of best graduation (Abitur-Besten)
tend to complete their studies with a better exam grade than students in the other quotas [44].
Simultaneously, the results showed that a good doctor should also have some soft criteria like
being empathic and patient-oriented and having high level of professional competency [45, 46].
Furthermore, the current studies only focused on selection criteria for undergraduate medi-
cal students in order how to successfully complete medical school. Possible criteria for post-
graduation was previously neglected. The relationship between student selection and career
success should be investigated more closely in future studies. Thus, it should be considered
what makes a good doctor and what competences are necessary in physician’s everyday life.

Conclusion

Research question a) concerned the relationship between prior qualifications and academic
success based on objective data. Our results show that professional pre-qualification was not
correlated with improved academic success, students even scored slightly worse grades than
students without professional pre-qualifications. Nevertheless, students with professional pre-
qualifications performed better in the MMI and in the selection interviews. No significant dif-
ferences regarding the dropout rates were found.

Research question b) concerned the relationship between prior qualifications and academic
success based on subjective data. Students with professional pre-qualifications achieved higher
scores in the Readiness for Interprofessional Learning Scale but no significant differences in
self-assessed medical skills and assessment of study satisfaction could be found.

Research question c) investigated the interest in and initiation of a specific specialist train-
ing. The field of anaesthesiology, general practice and rural physicians appears to be more pop-
ular among students with professional pre-qualifications. Furthermore, students from rural
areas and those who underwent rural training are more likely to enter the profession of rural
medicine.

Differentiated conclusions on the possible contribution of prior professional qualifications
require studies that consider subjective criteria such as student satisfaction, learning behaviour
and self-efficacy in addition to the objective course of studies, such as specific examination
results, duration of studies and number of examination repetitions. From the data obtained in
this way, conclusions could be drawn as to the extent that students with professional pre-quali-
fications are slightly less successful in the preclinical setting than students without pre-qualifi-
cations. Furthermore, the several studies showed that students with professional pre-
qualifications, both in medicine and as "practical experience in rural areas", tend to choose
becoming a rural physician more often.
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The results showed that students might acquire specific professional pre-qualification when
they preferred future speciality training. Thus, students with professional pre-qualifications
might be more interested in different or particular specialities in their practical year than stu-
dents without professional pre-qualifications.

Acknowledgments

We thank Chiara Weisshap supporting us in Endnote and in creating tables and figures.

Author Contributions

Conceptualization: Rebecca Erschens, Anne Herrmann-Werner, Teresa Loda.
Data curation: Rebecca Erschens.

Formal analysis: Rebecca Erschens, Teresa Loda.

Investigation: Tim Fabian Schaffland, Teresa Loda.

Methodology: Rebecca Erschens, David Ambiel.

Project administration: Rebecca Erschens, Augustin Kelava, Stephan Zipfel.
Supervision: Anne Herrmann-Werner, Augustin Kelava, Stephan Zipfel.
Validation: Rebecca Erschens, Tim Fabian Schaffland.

Writing - original draft: Rebecca Erschens, Teresa Loda.

Writing - review & editing: Rebecca Erschens, Anne Herrmann-Werner, Tim Fabian Schaff-
land, Augustin Kelava, David Ambiel, Stephan Zipfel.

References
1. Hiemisch A. Der Begriff der Handlung in der Psychologie. Widerstreit--Sachunterricht. 2009; 12:1-6.
Liebermann C. Heal the World. Via medici. 2014; 19(06):14—7.

3. StrowdLC, Gao H, O’'Brien MC, Reynolds P, Grier D, Peters TR. Performing Under Pressure: Varsity
Athletes Excel in Medical School. Medical Science Educator. 2019; 29(3):715-20. https://doi.org/10.
1007/s40670-019-00730-4 PMID: 34457536

4. Hochschulstart Sf. Available from: https://www.hochschulstart.de/startseite/statistik

Baumann F, editor What are the skills and the knowledge a competent physician really needs. Referat
auf dem Symposium “Eignungsdiagnostik und Medizinstudium” Universitat Fribourg; 1995.

6. FrankJR, Snell L, Sherbino J, Boucher A. CanMEDS 2015. Physician Competency Framework Series
1.2015.

7. Wissing F. Nationaler Kompetenzbasierter Lernzielkatalog Medizin und Zahnmedizin (NKLM/NKLZ).
Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz. 2018; 61(2):170—. https://doi.org/
10.1007/s00103-018-2688-0 PMID: 29335744

8. NKLM. Nationaler Kompetenzbasierter Lernzielkatalog Medizin 2016 [cited 2017 21.12.]. Available
from: www.nklm.de.

9. Hampe W, Klusmann D, Buhk H, Miinch-Harrach D, Harendza S. Reduzierbarkeit der Abbrecherquote
im Humanmedizinstudium durch das Hamburger Auswahlverfahren fiir Medizinische Studiengange-
Naturwissenschaftsteil (HAM-Nat). GMS Z Med Ausbild. 2008; 25(2):2008-25.

10. Schwibbe A, Kothe C, Hampe W, Konradt U. Acquisition of dental skills in preclinical technique courses:
influence of spatial and manual abilities. Advances in Health Sciences Education. 2016; 21(4):841-57.
https://doi.org/10.1007/s10459-016-9670-0 PMID: 26891678

11. Poropat AE. A meta-analysis of the five-factor model of personality and academic performance. Psy-
chol Bull. 2009; 135(2):322—38. Epub 2009/03/04. https://doi.org/10.1037/a0014996 PMID: 19254083.

12. Schneider M, Preckel F. Variables associated with achievement in higher education: A systematic
review of meta-analyses. Psychological Bulletin. 2017; 143(6):565—600. https://doi.org/10.1037/
bul0000098 PMID: 28333495

PLOS ONE | https://doi.org/10.1371/journal.pone.0258941 November 11, 2021 15/17


https://doi.org/10.1007/s40670-019-00730-4
https://doi.org/10.1007/s40670-019-00730-4
http://www.ncbi.nlm.nih.gov/pubmed/34457536
https://www.hochschulstart.de/startseite/statistik
https://doi.org/10.1007/s00103-018-2688-0
https://doi.org/10.1007/s00103-018-2688-0
http://www.ncbi.nlm.nih.gov/pubmed/29335744
http://www.nklm.de
https://doi.org/10.1007/s10459-016-9670-0
http://www.ncbi.nlm.nih.gov/pubmed/26891678
https://doi.org/10.1037/a0014996
http://www.ncbi.nlm.nih.gov/pubmed/19254083
https://doi.org/10.1037/bul0000098
https://doi.org/10.1037/bul0000098
http://www.ncbi.nlm.nih.gov/pubmed/28333495
https://doi.org/10.1371/journal.pone.0258941

PLOS ONE

Professional pre-qualification in medical education

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Trapmann S, Hell B, Weigand S, Schuler H. Die Validitat von Schulnoten zur Vorhersage des Studie-
nerfolgs—eine Metaanalyse 1Dieser Beitrag entstand im Kontext des Projekts “Eignungsdiagnostische
Auswahl von Studierenden”, das im Rahmen des Aktionsprogramms “StudierendenAuswahl” des Stif-
terverbands flr die Deutsche Wissenschaft und der Landesstiftung Baden-Wirttemberg durchgefihrt
wird. Zeitschrift fir Padagogische Psychologie. 2007; 21(1):11-27. https://doi.org/10.1024/1010-0652.
21.1.11

Hoff KA, Chu C, Einarsdéttir S, Briley DA, Hanna A, Rounds J. Adolescent vocational interests predict
early career success: Two 12-year longitudinal studies. Applied Psychology. 2021;n/a(n/a). https://doi.
org/10.1111/apps.12311.

Dolea C. Increasing access to health workers in remote and rural areas through improved retention:
global policy recommendations: World Health Organization; 2010.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. International Journal of Surgery. 2010; 8(5):336—41. https://doi.org/
10.1016/}.ijsu.2010.02.007 PMID: 20171303

Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 explanation
and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ. 2021; 372:
n160. https://doi.org/10.1136/bmj.n160 PMID: 33781993

Heidmann J, Gehlhar K, Kadmon M. Diskriminanzvaliditat & Fairness von Multiple-Mini-Interviews im
Auswabhlverfahren. 2017.

Hampe W, Hissbach J, Kadmon M, Kadmon G, Klusmann D, Scheutzel P. [Who will be a good physi-
cian? Admission procedures for medical and dental students]. Bundesgesundheitsblatt Gesundheits-
forschung Gesundheitsschutz. 2009; 52(8):821-30. Epub 2009/07/25. https://doi.org/10.1007/s00103-
009-0905-6 PMID: 19626281.

Simmenroth-Nayda A, Meskauskas E, Burckhardt G, Gérlich Y. Medical school admission test at the
University of Goettingen—which applicants will benefit? Zeitschrift fir Evidenz, Fortbildung und Qualitat
im Gesundheitswesen. 2014; 108(10):609—17. https://doi.org/10.1016/j.zefq.2014.09.024 PMID:
25499117

Paulmann V, Fischer V, Just |, Dudzinska A. Auf dem Umweg zum Ziel. Bringt eine abgeschlossene
Berufsausbildung fir Medizinstudentinnen und-studenten einen Mehrwert? Ergebnisse aus finf Absol-
ventenbefragungen. Jahrestagung der Gesellschaft fir medizinische Ausbildung (GMA) Bern.
2016:14-7.09.

Hiemisch A, Westermann R, Michael A. Die Abhangigkeit der Zufriedenheit mit dem Medizinstudium
von Studienzielen und ihrer Realisierbarkeit. Zeitschrift flir Psychologie / Journal of Psychology. 2005;
213(2):97—108. https://doi.org/10.1026/0044-3409.213.2.97

Talwalkar JS, Fahs DB, Kayingo G, Wong R, Jeon S, Honan L. Readiness for interprofessional learning
among healthcare professional students. International journal of medical education. 2016; 7:144-8.
https://doi.org/10.5116/ijme.570d.7bd8 PMID: 27171559.

Kesternich I, Schumacher H, Winter J, Fischer MR, Holzer M. Student characteristics, professional pref-
erences, and admission to medical school. GMS J Med Educ. 2017; 34(1):Doc5-Doc. https://doi.org/
10.3205/zma001082 PMID: 28293672.

Kopp J, Kaucher M, Jacob R, Richter N, Gibis B, Trebar B. Facharztweiterbildung, Berufserwartungen
und Berufsvorstellungen von Medizinstudierenden-die Rolle der Allgemeinmedizin. Zeitschrift fur Allge-
meinmedizin. 2016; 92:154-60.

Rourke J. Increasing the number of rural physicians. Canadian Medical Association Journal. 2008; 178
(3):322-5. https://doi.org/10.1503/cmaj.070293 PMID: 18227453

Henry JA, Edwards BJ, Crotty B. Why do medical graduates choose rural careers? Rural and remote
health. 2009; 9(1083):1-13. PMID: 19257797

Kadmon G, Resch F, Duelli R, Kadmon M. Predictive value of the school-leaving grade and prognosis
of different admission groups for academic performance and continuity in the medical course—a longi-
tudinal study. GMS Zeitschrift fur medizinische Ausbildung. 2014; 31(2):Doc21-Doc. https://doi.org/10.
3205/zma000913 PMID: 24872856.

Simmenroth-Nayda A, Meskauskas E, Burckhardt G, Gérlich Y. Das neue Géttinger Auswahlverfahren
fir Medizin—welche Bewerber kénnen profitieren? Zeitschrift fiir Evidenz, Fortbildung und Qualitat im
Gesundheitswesen. 2014; 108(10):609-17. https://doi.org/10.1016/j.zefq.2014.09.024 PMID:
25499117

Schwibbe A, Lackamp J, Knorr M, Hissbach J, Kadmon M, Hampe W. Medizinstudierendenauswahl in
Deutschland. Bundesgesundheitsblatt—Gesundheitsforschung—Gesundheitsschutz. 2018; 61
(2):178-86. https://doi.org/10.1007/s00103-017-2670-2 PMID: 29294180

Hissbach J, Feddersen L, Sehner S, Hampe W. Suitability of the HAM-Nat test and TMS module "basic
medical-scientific understanding” for medical school selection. GMS Zeitschrift fur medizinische

PLOS ONE | https://doi.org/10.1371/journal.pone.0258941 November 11, 2021 16/17


https://doi.org/10.1024/1010-0652.21.1.11
https://doi.org/10.1024/1010-0652.21.1.11
https://doi.org/10.1111/apps.12311
https://doi.org/10.1111/apps.12311
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.ijsu.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20171303
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/33781993
https://doi.org/10.1007/s00103-009-0905-6
https://doi.org/10.1007/s00103-009-0905-6
http://www.ncbi.nlm.nih.gov/pubmed/19626281
https://doi.org/10.1016/j.zefq.2014.09.024
http://www.ncbi.nlm.nih.gov/pubmed/25499117
https://doi.org/10.1026/0044-3409.213.2.97
https://doi.org/10.5116/ijme.570d.7bd8
http://www.ncbi.nlm.nih.gov/pubmed/27171559
https://doi.org/10.3205/zma001082
https://doi.org/10.3205/zma001082
http://www.ncbi.nlm.nih.gov/pubmed/28293672
https://doi.org/10.1503/cmaj.070293
http://www.ncbi.nlm.nih.gov/pubmed/18227453
http://www.ncbi.nlm.nih.gov/pubmed/19257797
https://doi.org/10.3205/zma000913
https://doi.org/10.3205/zma000913
http://www.ncbi.nlm.nih.gov/pubmed/24872856
https://doi.org/10.1016/j.zefq.2014.09.024
http://www.ncbi.nlm.nih.gov/pubmed/25499117
https://doi.org/10.1007/s00103-017-2670-2
http://www.ncbi.nlm.nih.gov/pubmed/29294180
https://doi.org/10.1371/journal.pone.0258941

PLOS ONE

Professional pre-qualification in medical education

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Ausbildung. 2012; 29(5):Doc72—-Doc. Epub 2012/11/15. https://doi.org/10.3205/zma000842 PMID:
23255967.

Werwick K, Winkler-Stuck K, Hampe W, Albrecht P, Robra B-P. Introduction of the HAM-Nat examina-
tion—applicants and students admitted to the Medical Faculty in 2012—-2014. GMS Zeitschrift fur medi-
zinische Ausbildung. 2015; 32(5):Doc53-Doc. hitps://doi.org/10.3205/zma000995 PMID: 26604995.

Hell B, Trapmann S, Schuler H. Eine Metaanalyse der Validitat von fachspezifischen Studierfahigkeitst-
ests im deutschsprachigen Raum. Empirische Padagogik. 2007; 21(3):251-70.

School LLM. Eignungsquote. Available from: https://leipzigmedicalschool.de/wiki/eignungsquote/.

Littlewood S, Ypinazar V, Margolis SA, Scherpbier A, Spencer J, Dornan T. Early practical experience
and the social responsiveness of clinical education: systematic review. BMJ. 2005; 331(7513):387-91.
https://doi.org/10.1136/bm;j.331.7513.387 PMID: 16096306

Shipman SA, Wendling A, Jones KC, Kovar-Gough |, Orlowski JM, Phillips J. The decline in rural medi-
cal students: a growing gap in geographic diversity threatens the rural physician workforce. Health
Affairs. 2019; 38(12):2011-8. https://doi.org/10.1377/hlthaff.2019.00924 PMID: 31794312

Misfeldt R, Linder J, Lait J, Hepp S, Armitage G, Jackson K, et al. Incentives for improving human
resource outcomes in health care: overview of reviews. Journal of Health Services Research & Policy.
2014; 19(1):52-61. https://doi.org/10.1177/1355819613505746 PMID: 24170147.

Sivey P, Scott A, Witt J, Joyce C, Humphreys J. Junior doctors’ preferences for specialty choice. J
Health Econ. 2012; 31(6):813-23. Epub 2012/09/04. https://doi.org/10.1016/j.jhealeco.2012.07.001
PMID: 22940638.

Serneels P, Montalvo JG, Pettersson G, Lievens T, Butera JD, Kidanu A. Who wants to work in a rural
health post? The role of intrinsic motivation, rural background and faith-based institutions in Ethiopia
and Rwanda. Bull World Health Organ. 2010; 88(5):342—9. Epub 2010/05/13. https://doi.org/10.2471/
BLT.09.072728 PMID: 20461138; PubMed Central PMCID: PMC2865659.

Hissbach J, Klusmann D, Hampe W. Reliability of a science admission test (HAM-Nat) at Hamburg
medical school. GMS Zeitschrift fur medizinische Ausbildung. 2011; 28(3):Doc44—-Doc. Epub 2011/08/
08. https://doi.org/10.3205/zma000756 PMID: 21866246.

Patterson F, Zibarras L, Ashworth V. Situational judgement tests in medical education and training:
Research, theory and practice: AMEE Guide No. 100. Medical Teacher. 2016; 38(1):3—17. https://doi.
org/10.3109/0142159X.2015.1072619 PMID: 26313700

Knorr M, Hissbach J. Multiple mini-interviews: same concept, different approaches. Medical Education.
2014; 48(12):1157-75. https://doi.org/10.1111/medu.12535 PMID: 25413910

Lievens F. Construct-Driven SJTs: Toward an Agenda for Future Research. International Journal of
Testing. 2017; 17(3):269-76. https://doi.org/10.1080/15305058.2017.1309857

Just |, & Fischer V. Unterschiede im M2-Ergebnis nach Zugangsgruppen. Jahrestagung der Gesell-
schaft fir Medizinische Ausbildung (GMA),. 2014; 25.

Herzig S, Biehl L, Stelberg H, Hick C, SchmeiBer N, Koerfer A. Wann ist ein Arzt ein guter Arzt? DMW-
Deutsche Medizinische Wochenschrift. 2006; 131(51/52):2883-8.

Palant A, WeiB3 V. Eine qualitative Studie-,Héchste fachliche Kompetenz und Menschenfreundlichkeit
“—Diskrepanz zwischen Studier-und Berufsfahigkeit-Online ZFA. 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0258941 November 11, 2021 17/17


https://doi.org/10.3205/zma000842
http://www.ncbi.nlm.nih.gov/pubmed/23255967
https://doi.org/10.3205/zma000995
http://www.ncbi.nlm.nih.gov/pubmed/26604995
https://leipzigmedicalschool.de/wiki/eignungsquote/
https://doi.org/10.1136/bmj.331.7513.387
http://www.ncbi.nlm.nih.gov/pubmed/16096306
https://doi.org/10.1377/hlthaff.2019.00924
http://www.ncbi.nlm.nih.gov/pubmed/31794312
https://doi.org/10.1177/1355819613505746
http://www.ncbi.nlm.nih.gov/pubmed/24170147
https://doi.org/10.1016/j.jhealeco.2012.07.001
http://www.ncbi.nlm.nih.gov/pubmed/22940638
https://doi.org/10.2471/BLT.09.072728
https://doi.org/10.2471/BLT.09.072728
http://www.ncbi.nlm.nih.gov/pubmed/20461138
https://doi.org/10.3205/zma000756
http://www.ncbi.nlm.nih.gov/pubmed/21866246
https://doi.org/10.3109/0142159X.2015.1072619
https://doi.org/10.3109/0142159X.2015.1072619
http://www.ncbi.nlm.nih.gov/pubmed/26313700
https://doi.org/10.1111/medu.12535
http://www.ncbi.nlm.nih.gov/pubmed/25413910
https://doi.org/10.1080/15305058.2017.1309857
https://doi.org/10.1371/journal.pone.0258941

